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ABSTRACT
An exam ination o f  th e o n t o lo g ic a l  b a s is  o f  s o c io lo g y  r e v e a ls  th a t  s o c io lo g y  i s  in h e r e n tly  s t a t i s t i c a l .  V ario u s c r it iq u e s  o f  th e  use o f  m athem atics and s t a t i s t i c s  are shown to  be based on in c o r r e c t  view s o f  s c ie n c e  and a  co n fu sio n  o f  d i f f e r e n t  co n cep ts o f  v a r io u s  o n t o lo g ic a l  b a s e s . As an in tr o d u c tio n  to  some o f  th e  l a t e r  d is c u s s io n , a  ease stud y in .in f e r e n c e  i s  made.
The n ature o f  th e  sam pling d is t r ib u t io n  o f  a  s t a t is t ic  i s  made c l e a r  i n  d e t a i l»  arguments a g a in s t  th e  t r a d it io n a l  ( fr e q u e n tis t)  approach to  s t a t i s t i c a l  in fe r e n c e  are shown to  be c o m p e llin g . We s t a r t  th e r e fo r e  from the id e a  o f  b e l i e f  in  th e  v a lu e  o f  a  param eter b e in g  th e most im portant th in g »  w ith  th e  cum ulation o f  f in d in g s  b e in g  e s s e n t i a l .  T h is  i s  d iscu sse d  from th e  p o in t o f  view  o f  Bayesian» Maximum L ik elih ood /Su p p ort» and F id u c ia l  in fe r e n c e .A way in  which fr e q u e n t is t  s tu d ie s  may be cum ulated i s  g iv e n .
\
ABST*2
F i n a l l y  th e  im portance o f  th e  o n t o lo g ic a l  s ta t u s  o f  v a r ia b le s  i n  an eq u ation  i s  shown w ith r e s p e c t  to  two p a r t ic u la r  ty p e s  o f  m athem atical m an ip u latio n  o f  v a r ia t o s i  A analogue i s  drawn w ith th e  im portance o f  dim ensions i n  s c i e n t i f i c  form ulae and i t  i s  shown th a t  c e r t a in  e q ia t io n s  are not even p o s s ib le , never mind c o r r e c t .
The Appendices c o n ta in  m a te r ia l (some p r e v io u s ly  p u blished ) which a m p lify  th e  approach co n tain e d  in  th e  main t h e s i s ,  and are o f  v a r y in g  s t a t u s s e s .
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PREFACE
* . .  • You w a lk  in t o  th e  room w it h  a  p e n c i l  i n  y o u r  hand and you s e e  .somebody naked and you a s k  ” \7ho i s  t h a t  man ? ” . . .  You d on ’ t  know w hat you  w i l l  s a y  when you g e t  home • •* S o m e th in g  i s  h a p p e n in g  h e r e ,  and you don’ t  know what i t  i s *  Do y o u , Mr Jo n e s  ? • * • *( R o b e r t  Zimmerman* B a l la d  o f  a  T h in  Man*)
•T-
jjC h e s c i e n t i s t j  a p p e a rs  a s  a  r e a l i s t  i n s o f a r  a s  he s e e k s  t o  d e s c r ib e  a  w o rld  In d e p e n d e n t o f  t h e  a c t s  o f  p e r c e p t io n ;  a s  i d e a l i s t  i n s o f a r  as h e  lo o k s  upon th e  c o n c e p ts  and t h e o r ie s  a s  f r e e  in v e n t io n s  o f  t h e  human s p i r i t , . . ;  as  p o s i t i v i s t  i n s o f a r  a s  he c o n s id e r s  h i s  c o n c e p ts  and t h e o r i e s  j u s t i f i e d  o n ly  to  th e  e x t e n t  to  w h ich  th e y  f u r n is h  a  l o g i c a l  r e p r e s e n t a t io n  o f  r e l a t i o n s  among s e n s o r y  e x p e r ie n c e s *  He may even  ap p ea r a  P l a t o n i s t  o r  P y th a g o r e a n  i n s o f a r  a s  he c o n s id e r s  th e  v ie w p o in t  o f  l o g i c a l  s i m p l i c i t y  a s  a n » ^ d is p e n s a b le  and e f f e c t i v e  t o o l  o f  h i s  r e s e a r c h *  ( A l b e r t  E i n s t e i n .  R e p ly  to  C r i t i c i s m .)
PREF.l
The fo llo w in g  i s  th e r e s u lt  o f  much in te r p la y  between th eo ry  and r e s e a r c h , ( c h r o n ic le d  in  Appendices C ,E  and F) but i s  m ainly concerned w ith th e  p h ilo s o p h ic a l a sp e cts  o f  s t a t i s t i c s  and m athem atics and how th ey  im pinge on th e  way we t r e a t  and c o n c e p tu a liz e  our * d a t a ' .  I  have not d elved in to  th e com p licated  f i e l d  o f  c a u s a l m od ellin g  o r in to  fa c t o r  a n a ly s is  p a r t ly  because I  have been on record  on the s u b je c ts  p r e v io u s ly , and I  d id  not want to  o v e r la p , but ma i n ly because th ese  are th e  epiphenomena and I  se a rch  a f t e r  th e  c o r e . T h is  e x p la in s  why a f t e r  an in tr o d u c tio n  to  my a l l  p e rv a siv e  p h ilo s o p h y , I  co n ce n tra te  so much on s t a t i s t i c a l  in fe r e n c e  -  we may not use i t  p ro p e rly  o r fr e q u e n tly  ,  so why ? -  and th en  I  ta k e  an example o f  how th e  se d u ctiv e n e ss  o f  a  form ula can le a d  us to fo r g e t  what are th e  r e a l  a t t r ib u t e s  o f  th a t  w ith  which we are d e a lin g *
The Appendices are not e s s e n t ia l  to  th e  u n d erstan d in g o f  th e argument i n  t h i s  t h e s i s ,  bu t h e lp  to  am p lify  v a r io u s  a s p e cts  and f i l l - o u t  i t s  content» as th e re  i s  more to  l i f e  and sc ie n c e  than th e  l o g i c  or form o f  an argument and we need th e co n ten t to keep a g r ip  on r e a l i t y  -  so t h is  t h e s is  i s  le sse n e d  w ithoitt
PREF.2
t h e  b r o a d e n in g  c o n te n t  o f  th e  A p p e n d ic e s , w h ich  show i n  a c t io n  th e  id e a s  w h ich  h a v e  b e e n  p u rv e y e d  i n  th e  t h e s i s .  My a p p ro ach  i s  a p t l y  d e s c r ib e d  b y  th e  o p e n in g  l i n e  to  1 .3  N ot a g r e e in g  w ith  K e r n a n d e z -C e la  t h a t  we c a n n o t l e a r n  a n y th in g  ab o u t th e  g e n e r a l  th r o u g h  th e  e x a m in a tio n  o f  t h e  p a r t i c u l a r  I  s h a l l  p ro ce e d  t o  show how i t  may b e  p o s s i b l e  t o  make some g e n e r a l  p o in t s  ab ou t t h e o r y - t e s t i n g  from  an e x a m in a tio n  a f  ‘a  p a r t i c u l a r  s tu d y  . . . »
My th a n k s  a r e  due to  Roy M a p es, a  f r i e n d  r a t h e r  th a n  s u p e r v is o r '  and a ls o  B i l l  B yth ew ay ,  a  s u p e r v i s o r  h u t  more a  su p e rb  b re e d  o f  D e v i l ' s  A d v o c a te . I  h ave b e n e f i t t e d  from  d is c u s s io n s  w it h  many p e o p le  a t  K e e le  M a n c h e s te r  and N o ttin g h a m . I n  p a r t i c u l a r  I  h a v e  come o f  ag e  a s  a  s o c i o l o g i s t  m a in ly , I  fe e l/ t h r o u g h  th e  a g e n cy  o f  J i m , J o e l  and Jo h n  o f  th e  S c h o o l  o f  S o c i o l o g y ,  M a n ch e s te r  P o l y t e c h n i c .
I  d e d ic a t e  t h i s  t h e s i s  t o  ray w ife  (who h a s  b o rn e  th e  b r u n t o f  th e  n o is e  o f  my i n s i s t e n t  t y p in g )  and my c h i ld r e n  who, d e s p it e  my f a u l t s ,  lo v e  me ( o r  so  t h ^  s a y ) .
CHAPTER X
THEORIES AND TESTING
A r c t i c  e le p h a n t s  a r e  th e  same a s  A f r ic a n  o n e s  o n ly  th e y * r e  c o ld e r *  F e e l  one* ( S p i k e  M i l l i g a n .  A r c t i c  E le p h a n t )
1. 1.1
1 .1  S o c io lo g y  a s  S c ie n c e
S o c io lo g y  i s  a  s c ie n c e  o r ,  i f  i t  i s  n o t  a  s c i e n c e ,  i t  s h o u ld  b e .  S o c i o l o g i s t s  s h o u ld  n o t ,  h o w e v e r , a s p ir e  to  be as n a t u r a l  s c i e n t i s t s  b e c a u s e  th e  n a tu r e  o f  th e  r e a l i t y  s t u d ie d  i n  n a t u r a l  s c ie n c e  d i f f e r s  from  t h a t  r e a l i t y  s t u d ie d  i n  s o c i a l  s c ie n c e  î i f  th e  n a tu r e s ; o f  th e  r e a l i t i e s  d i f f e r  why s h o u ld  th e  m ethods o f  th e  s c ie n c e s  be th e  same? (P o p p e r  d i s a g r e e s ,  s e e  A p p endix A ) . The r e a s o n  s o c i o l o g i s t s  ca n  be s c i e n t i s t s  i s  t h a t  th e y  u s e  t h e o r i e s , some t h e o r ie s  b e in g  more p o w e rfu l th a n  o t h e r s -  th e  d i f f e r e n c e  betw een th e o lo g y  and s c ie n c e  l i e s  i n  t e s t i n g  o f  th e  i m p lic a t io n s  o f  t h e o r ie s  ( I  w i l l  p u rsu e  t h i s  b e lo w ) . V a r io u s  com m entators s e e  s o c io lo g y  as a  ( p o t e n t i a l l y )  s c i e n t i f i c  co n c e rn  w here th e  k e y  e lem en t i s  th e  u s e  o f  'c o n c e p t s '  r a t h e r  t h a n 'o b s e r v a b le s '  i n  e x p la n a t io n , w ith  concom raitant u se  o f  t h e o r ie s  ( e g  A l l  a n , 19 7 ^ ;H in d e s s , 1 9 7 3 ;W i l i e r  and W i l i e r ,  1973) .  U n f o r t u n a t e ly  th e r e  i s  a  te n d e n cy  to  o v e r -e m p h a s iz e  th e  d i f f e r e n c e
1.1 .2
H in d e s s  (p 5 1 ) s a y s  t h a t  t h e o r e t i c a l  e n t i t i e s  a re  n o t ' . . .  o b j e c t s  o f  im m ed iate  human e x p e r ie n c e  and do n o t ap p ear to  be r e d u c ib le  to  s u c h  o b j e c t s  and th e  Y / i l le r s  (p34) s u g g e s t  t h a t  one way o f  d i s t i n g u i s h i n g  betw een a  'co w ' and a  » fo r c e *  i s  » . . *  f o r c e  i s  n o t an o b s e r v a b le  . . . »  (a n d  w here d o e s  t h a t  p la c e  a  b l i n d  man ? ) .  G r o v e r  M a xw ell (1962) and S e l l a r s  (1963) b o th  make a  s i m i l a r  p o in t  w ith  w h ich  I  a g re e  : I f  a  c o n c e p t u a l e n t i t y  i s  named i n  a  th e o r y  t h e n , i f  th e  th e o r y  i s  »good' t h e o r y , i t  i s  r e a s o n a b le  to  b e l i e v e  i n  th e  r e a l i t y  o f  th e  e n t i t y  nam ed. I n  th e  Y / i l l e r s '  exam ple o f  a  cow and a  f o r c e  th e r e  i s  a  f u r t h e r  c o m p lic a t io n  : a  cow i s  e n t i t y ,  and f o r c e  i s  a  c h a r a c t e r i s t i c  u s u a l l y  a s s o c ia t e d  w ith  some e n t i t y ,  so t h a t  th e y  a r e  n o t co m p a rab le  ( th e  A r i s t o t  an d i s t i n c t i o n  betw een s u b s ta n c e  and 'a c c id e n t *  o f  s u b s t a n c e ) . B elow  I  w i l l  g iv e  an exam ple o f  an 'a b s t r a c t *  o b s e r v a b le .
T h e o r ie s  h ave to  b e t e s t e d  b e fo r e  we ca n  b e  s u r e  ab o u t them -  n o t an o b v io u s  p o in t  -  W i l le r - a n d - W i l l e r  d is c u s s  t e s t i n g  o f  t h e o r ie s  and e x p e r im e n ta l d e s ig n ,
1 .1 .3
and H in d e s s  h a s  an A p p en d ix  w h ich  d is c u s s e s  an e x p e rim e n t i n  th e  m easurem ent o f  tim e  ( K o y r e 's  o r i g i n a l  e x a m p le ) . B a c h e la r d  ( e g  1 9 5 1 .1 9 6 8 ) h a s  a  p h ra s e  » r e v o lu t io n  o f  c o n c e p t s ' -  ta k e n  from  N ie t z s c h e  -  and s u g g e s t s  th e r e  a re  c r u c i a l  e x p e rim e n ts  and d i s c o v e r i e s  w h ich  t o t a l l y  ch an ge th e  c o u r s e  o f  p e o p le 's  ( i e  s c i e n t i s t s ' )  t h in k in g  -  an i n s u b s t a n t i a l  n o t io n  w h ich  h a s  b een  s u r p r i z i n g l y  i n f l u e n t i a l  ( e g  A l t h u s s e r ,H in d e s s ) .  I t  i s  i n s u b s t a n t i a l  b e c a u s e  i t  s t a r t s  from  f a l s e  p r e m is s e s , and th e  c r e a t i o n  o f  a  f a l s e  e d i f i c e  i s  shown m ost c l e a r l y  i n  o n e / h is  e a r l i e s t  ex am p le s -  th e  im p a ct o f  th e  M ic h e ls o n -M o r le y  e x p e rim e n t on t h e  d ev e lo p m e n t b y  E i n s t e i n  o f  h i s  S p e c i a l  T h e o ry  o f  R e l a t i v i t y .  B a c h e la r d  (1951) i n  E i n s t e i n ' s  F e s t s c h r i f t  ( S c h i l p p ,  
1951) d w e lls  a t  l e n g t h  upon th e  u p h e a v a l ( i e  r e v o lu t io n )  o f  c o n c e p t s , and u s e s  th e  in c o n g r u o u s , u n e x p e c te d  r e s u l t  o f  th e  M ic h e ls o n -M o r le y  e x p e rim e n t on a e t h e r  d r if t  to  a c c o u n t f o r  th e  d evelo p m en t o f  E i n s t e i n ' s  th e o ijy .(O n p566 we re a d  ' . . . A s  we know , as h a s  been
l . l . k
r e p e a te d  a  th o u san d  t i n e s ,  r e l a t i v i t y  was b o rn  o fan e p is t e m o lo g ic a l  s h o c k ; i t  was b o rn  o f  th e" f a i l u r e "  o f  th e  M ic h e ls o n  e x p e rim e n t . )E i n s t e i n  h i m s e l f  i n  h i s  ‘ A u t o b io g r a p h ic a lI n t r o d u c t io n ' to  th e  th e  c o l l e c t i o n  now herem e n tio n s  th e  M ic h e ls o n -M o r le y  e x p e rim e n t i n  h i sd e s c r i p t i o n  o f  th e  d evelo p m en t o f  S p e c i a l  R e l a t i v i t y-  he d o es how ever s a y  ( 1 9 5 1 a :53) '• • •  B y and b y  Id e s p a ir e d  o f  th e  p o s s i b i l i t y  o f  d is c o v e r in g  th et r u e  law s £ r e l a t i n g  m a t t e r ,s p a c e  and e n e rg y  J  b £%means o f  c o n s t r u c t i v e  e f f o r t s  b a se d  on known f a c t s «The lo n g e r  and th e  more d e s p a i r i n g l y  I  t r i e d ,  th e  more I  came to  th e  c o n v i c t i o n  t h a t  o n ly  th e  d is c o v e r y  o f  a  u n i v e r s a l  fo r m a l p r i n c i p l e  c o u ld  le a d  u s  to  a s s u r e d  r e s u l t s . . . » A f t e r  te n  y e a r s  o f  r e f l e c t i o n  su ch  a  p r i n c i p l e  r e s u lt e d  from  a  p a ra d o x  upon w h ich  I  had a lr e a d y  h i t  a t  th e  age o f  s i x t e e n  : [[what happ ens to  somebody m oving w ith  th e  sp e e d  o f  l i g h t ,  and what d o es t h a t  p e r s o n  s e e  t h i s  p a ra d o x  th e  germo f  th e  s p e c i a l  r e l a t i v i t y  th e o r y  i s  a lr e a d y  c o n ta in e d  • • • '  (my e m p h a s is ) . ( S e e  a ls o  M P o la n y i«  s( 19(52) d is c u s s io n  o f  th e  same p o in t  . )  As w ith  th e  C o p e r n ic a n
1 .1 .5
• R e v o lu t io n ' p r e - e x i s t i n g  id e a s  a re  j u s t i f i e d  by d i s c o v e r i e s ,  and d i s c o v e r i e s  do n o t c r e a t e  i d e a s .  A r is t a r c h u s  ( 3 r d  c e n tu r y  BC) had p ro p o sed  t h a t  th e  p la n e t s  f o l lo w  c i r c l e s  around th e  s u n , b u t on th e  b a s i s  o f  o b s e r v a t io n  i t  was shown by H ip p a rc h u s  (2 n d  c e n tu r y  BC) n o t to  b e  f e a s i b l e .  I n s t e a d  o f  im p ro v in g  upon A r is t a r c h u s '  i d e a  -  e l l i p s e s  in s t e a d  o f  c i r c l e s  -  th e  g e o - c e n t r i c  schem e r e p la c e d  i t  ( l a r g e l y  b e c a u se  i t  was l e s s  im p io u s ) .
In a similar manner the Willers (1973:137) make the 
the contrast between Science and Empiricisn partly  
to l ie  in that ' , . .Science is  inherently imaginative 
and radical . . . ' .  In c r itic iz in g  the -practices of 
empiricists they should be aware of the practices 
o f scien tists -  unless they have some rarififed 
picture of what Science is  lik e . The Willers are 
strong proponents of the view I  oppose at the start 
of this section; n^ine, restated, is  that what is  
good and true for one science is  not necessarily 
true for another science. Two examples w ill su ffice  :
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th e y  s a y  (p p  2 1-22) ' . . .  S c i e n t i f i c  know ledge £ th ey  alw ays u s e  exam p les from  th e  p h y s i c a l  s c ie n c e s ]]  i s  more p r e c is e  th a n  e m p i r i c i s t  know ledge [ th e y  u s e  exam p les from  s o c i a l  s c i e n c e j  h u t n o t b e c a u s e  th e  means f o r  m easurem ent i n  s c ie n c e  a r e  more p r e c i s e ,  f o r  any m easurem ent u sed  i n  s c ie n c e  c o u ld  a ls o  be u sed  i n  e m p ir ic is m  . . . ' ( M y  e m p h a s is ) , i t  i s  n o t to o  c l e a r  what th e y  mean; b u t ,  i n  t h e i r  s e c t i o n  on m easurem ent and s c a l i n g ,  we re a d  ( p p l l 3- ll* + )' . . .  One d o es n o t m easure l e n g t h  b y  a s k in g  a  sam ple o f  p e o p le  to  ra n k  b a s k e t b a l l  p l a y e r s ,  Suprem e C o u r t j u s t i c e s  ( e t c ] . . .  a c c o r d in g  to  th e  [[p e o p le ’ s  i n  th e  sam ple]] b e l i e f s  ab o u t w h ich  h a s  th e  g r e a t e s t  l e n g t h  and th e n  summing th e  r e s u l t  to  g e t  a  " s c a l e "  o f  th e  way th e  a v e r a g e  p e rs o n  i n  th e  sam p le  th o u g h t th e y  s h o u ld  be r a n k e d . No amount o f  r e f i n i n g  c o u ld  make t h i s  p ro c e d u re  even  f r a c t i o n a l l y  u s e f u l  a s  a  y a r d s t i c k  . . . A p p ly in g  t h i s  method to  d e te rm in e  a  " s c a l e "  to  "m easu re s t a t u s "  i s  e q u a l ly  p r e p o s te r o u s  . . . ' .  I  am n o t to o  c e r t a i n  what th e  W i l l e r s  mean b y ' y a r d s t i c k * ,  b u t : i f  th e y  mean a  s t i c k  a  y a rd  l o n g ,  i t  i s  n o t o n ly  p r e p o s t e r o u s , i t  i s  im p o s s ib le , to  u s e  a
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y a r d s tic k  to  measure the d is ta n c e  to th e  moon; i f  th ey mean hy y a r d s tic k  an a b so lu te  d e f in it i o n  o f  u n it s  and p ro p e rtie s  a t th e m a cro -le v e l*  th ey w i l l  become unhinged a t th e m ic r o - le v e l .
B achelard * the V / ille rs  and H indess a l l  seem to  be R a t io n a lis t s  in  a P la t o n ic  R e a l is t  sense s eg th e re  are 'true* concepts o f  's p a c e -tim e ' ,o r  ' le n g t h ' * or •tim e' ( 'u n iv e r s a l '  Forms o f  P la to ? ) * th e s e  e x is t  o n ly  in  t h e ir  m athem atical d e f in i t i o n ;  by r e la t in g  th ese d e f in it io n s  to v a r io u s  in d ic a t o r s  we can perform  experim ents ( o r  t e s t s  o f  th e o r ie s  ) and can o b ta in  p e r fe c t ly  c le a r - c u t  r e s u l t s .  B ach elard  (1951:577) says ' . . .  L e t  us f ir m ly  underscore th a t  e f f ic a c io u s  thought proceeeds in  the d ir e c t io n  o f  r a t io n a lis m  —f  re a lis m  • • * ' *  th e W ille r s  im ply th a t  lem gth o n ly  e x is t s  in  as much as i t  i s  a  m athem atical element in  an e q u a tio n , and H in d ess(1973: 60) says ' . . .  I  have in s is t e d  th a t the b a s is  o f  knowledge i s  not to  be found in  human ' experiena** but in  concepts and r a t i o n a l i s t  forms o f  p ro o f and d em on stration .In  p a r t ic u la r , th a t knowledge i s  never sim ply g iv e n
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b u t i s  a lw ay s th e  p ro d u c t o f  a  d e te r m in a te  p r a c t i c e  . . .  Q s e e  B a c h e la r d 3  f o r  a  s y s t e m a t ic  r e f u t a t i o n  o f  th e  c la im s  o f  r e a l is m  i n  t h e  n a t u r a l  s c i e n c e s . . . ' .T h ere  a r e  many form s o f  R e a lis m  and th e  argu m en ts o f  p a r t ic u la r ly  B a c h e la r d  and ( t h e r e f o r e )  H in d e s s  a re  th o s e  o f  P l a t o n i c  R e a l i s t s ,  o r  a s  th e y  a r e *f r e q u e n t ly  term ed P l a t o n i c  I d e a l i s t s  : E i n s t e i n  was a  s e lf-a v o v / e d  r e a l i s t ,  and he w rote ( 1951b :678) a p p r o v in g ly  ' . . .  t h e r e  a r e  c o n c e p t s . . .w h i c h  p la y  a  d o m in a tin g  r o l e  i n  o u r t h i n k i n g ,  and w h ic h , n e v e r t h e l e s s ,  ca n  n o t be d ed u ced  b y means o f  a  l o g i c a l  p r o c e s s  from  th e  e m p i r i c a l l y  g iv e n  ( a  f a c t  w hich s e v e r a l  e m p i r i c i s t s  r e c o g n i z e , i t  i s  t r u e ,  b u t seem alw a y s a g a in  to  f o r g e t ) . . • • .  I  would c o n t r a s t  to  th e  above I d e a l i s t i c  R a t io n a l is m , a  R e a lis m  i n  th e  A r is t o t e lia n  s e n s e  ( s e e  a ls o  S m a r t(1 9 63 )on ' S c i e n t i f i c  R e a lis m ')  * . . .  S u ch  a  r e a l i s m  may be summed up i n  two dom inant c o n s id e r a t io n s  : ( 1 ) th e  c o n s id e r a t io n  t h a t  th e  t h in g s  o f  th e  w o rld  s im p ly  a r e  what th e y  a re  i n  th e m s e lv e s  and in d e p e n d e n tly  o f  o u r a t t i t u d e s  tow ard them o r  o u r o p in io n s  ab ou t them [^though t h i s  d oes n o t d is c o u n t  th e  s e l f - f u l f i l l i n g
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prophecyj; and (2) the consideration that hunan beings 
are capable -  subject» of course to a ll  sorts of 
errors and mistakes that they nay commit in the 
process -  of coming to know such things o f the world 
more or less adequately . ..'(V e a tc h ,197^:75 -• my 
emphasis). There is  another aspect to A risto tle 's  
philosophy that can c la r ify  some confusions in the 
plethora o f's c ie n tific *  critiques of sociology; the 
distinction made above between 'substance* (eg an 
electron) and 'accident* of substance (eg the length 
o f an electron) and further the importance o f finding 
why such an accident . pertains to such a substance. 
(Does i t  make sense to talk  o f the length o f an 
electron ? ) . For example,Hindess(1973:51) starts  
his appendix on observational categories by noting 
on the f ir s t  page S c ie n tific  discourse refers
to objects(electrons,electromagnetic fields,im perialism , 
the c a p ita lis t  mode o f production) that are not 
objects o f immediate human experience and do not 
appear to be reducible to such objects . . . *  (so the 
ca p ita list mode of production does not really  
exist?) s and o« the fin a l page (p58) he concludes
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« . . .  In  th ese examples th e measurement o f  tim e i s  a  t h e o r e t ic a l  o p e ra tio n  .  . . ' •  T h is  i s  c le a r ly  a move from substance ( e g ; th a t  e le c tro n ) to  an o th e r item  V.imf»1 which i s  not an a c c id e n t o f  a  substance (what i s  the tim e o f  an e le c tr o n  ?) but som ething c e n t r a l  to a l l  l i f e  and s c ie n c e  -  A r is t o t le  h im s e lf  (we can agree or d isa g re e ) considered th a t  tim e i s  in se p a ra b le  from change; and in  th e fo u r­dim ensional sp ace-tim e continuum we are o n ly  aware o f  the continuum when motion o c c u r s . The p o in t i s  o n to lo g ic a l  -  th a t i s ,  what ore th e natures o f  th e item s under d iscu ssio n ,w h a t i s  t h a ir  e s s e n t ia l  s ta tu s  ? -  r a th e r  than e p is te m o lo g ic a l -  what i s  the n ature o f  our theory o f  knowledge ? (S e e  a lso  the d is c u s s io n  i n  Appendix A ).
T h is  again  b rin g s  us back f u l l - c i r c l e  to  th e b e gin n in g  o f  t h is  s e c tio n  -  s c i e n t i f i c  methods in  S o c io lo g y  must d i f f e r  from s c i e n t i f i c  methods in  the n a tu r a l s c ie n c e s , because the n ature o f  the r e a l i t i e s  stu d ie d  d i f f e r  ( an o n to lo g ic a l  argum ent). The W ille r s  and H indess are a rg u in g  e p is te m o lo g ic a lly *  we
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must not o n ly  have a  th eory  o f  knowledge hut also a
isth eo ry  o f  v:hat it/w e are atte m p tin g  to  s tu d y .
F i n a l l y ,  on the s u b je c t  o f  C r u c ia l '  experim ents and 'c r u c ia l '  r e s u l t s ,  Z e tte r b e rg  i s  prob ab ly  much c lo s e r  to  th e tr u th  fd r  s o c io lo g y  when he comments ( 1966: 161- 162) upon how hard i t  i s  td  con firm  (o r  c o n tr a d ic t)  a s in g le  p r o p o s itio n  i n  s o c io lo g y  (M arxian th eory i s  a prime example -  see S o r o k in , 1927:514-5*+6) .  He su g g e sts  th a t  o ft e n  we can m erely p rovid e some form o f  'o d d s' -  th e  chances o f  i t  b e in g  tru e  to i t  not b e in g  t r u e . The reaso n d , which are not r e a l l y  connected to  poor measurement, are examined in  the next s e c t io n .
1 .2 A Sociological Ontology
In  the p re ced in g  s e c tio n  I  in trod u ced  th e  id e a  th a t :  what s c i e n t i s t s  from d i f fe r e n t  s c ie n c e s  d id  ( the t o o ls  th ey u se d , and th e th in g s  in  which th ey were in te r e s te d ; th a t i s ,  t h e ir  m ethodologies) would d i f f e r .  I  a lso  showed how the W ille r s  and H indess had not grasped t h i s  im portant o n t o lo g ic a l  p o in t , because th ey were p r in c ip a l ly  e p is te m o lo g is ts . In  t h is  s e c tio n  I  w i l l  f i r s t  s k e tc h -o u t th e form o f  a  v ia b le  s o c io lo g ic a l  o n to lo g y , and thBn co n sid e r  how i t  stan d s up to  Chapter 6 o f  W ilie r -a n d -W ille r  (1 9 7 3 ). ( I  approach t h is  problem from what might be c a l le d  'S c i e n t i f i c  R ealism ' and th e  p h ilo s o p h ic a l q u e stio n s in v o lv ed  in  t h is  sta n ce  are d iscu sse d  i n  Appendix B ) .
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1 . 2 .1 S t a t i s t i c s  and Param eters
S o c io lo g is t s  are -  alm ost by d e f in it i o n  -  concerned w ith  groups o f  in d iv id u a ls , why and how th e groups d i f f e r .  S o c io lo g is t s  c o n tin u a lly  use S t a t i s t i c s  -  a  s t a t i s t i c  ( o r  s e t  o f  s t a t i s t i c s )  summarizes a whole s e r ie s  o f  d i f f e r e n t  v a lu e s  o f  a  group o f  in d iv id u a ls  in  one v a lu e  ( o r  s e t  o f  v a lu e s ) . When an ethnom ethodologist ( E ) says th a t q u a n t i t a t iv e ly -  in c lin e d  s o c io lo g is t s  are ' P o s i t i v i s t s ' ,  he o r she i s  p ro v id in g  a  s t a t i s t i c .  In d iv id u a ls  w ith in  th e group might never have e x a c t ly  the v a lu e  o f  th e s t a t i s t i c ,  and some s t a t i s t i c s  (su ch  as th ose which measure degrees o f  v a r ia t io n  w ith in  a group) have a no co u n terp art a t the l e v e l  o f  in d iv id u a ls . S t a t i s t i c s  are t o t a l l y  a b s t r a c t , and are not o b se rv a b le s  as sucht b u t , b ein g  formed from o b s e r v a b le s , I  suppose we can c a l l  them 'a b s t r a c t '  observables. To show, th e r e fo r e , th a t any in d iv id u a l does not have the same v a lu e  as th e s t a t i s t i c  i s  not damning, because the s t a t i s t i c  p e r ta in s  to  th e group. For exam ple,
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to  p o in t to  an in d iv id u a l q u a n tita t iv e  s o c io lo g is twho i s  a  S c i e n t i f i c  R e a l is t  and not a P o s i t i v i s tdoes not n egate E*s p o in t; but to show th a t mostq u a n tita t iv e  s o c io lo g is t s  are S c i e n t i f i c  R e a l is t sc a s ts  doubt on the s t a t i s t i c  -  which i n  t h is  casei s  some form o f  av e ra g e . ( I n  f a c t ,  when y o u th fu lla y  s o c io lo g is t s  chant " A l l  coppers are n a r n e r s " ,art fcktyth ey^ exp ressin g  two s t a t is t ic s ,w h ic h ^ a r e  s u f f i c i e n tto  d e scrib e  the d is t r ib u t io n  o f  in t e l l ig e n c e  o fp o lic e  o f f ic e r s ." T h e  average in t e l l ig e n c e  o f  p o lic eo f f i c e r s  i s  low , and th ere  i s  no v a r ia t io n  aroundt h is  a v e ra g e " .)
I t  i s  p o s s ib le  to query E 's  s t a t i s t i c  in  a t  le a s t  two ways. The f i r s t  query concerns the way in  which the v a lu e  o f  th e s t a t i s t i c  was found ( ie  , g iven  E 's  d a t a , would we have a rriv e d  a t the ave rag e, ' P o s i t i v i s t '  -  o r , i s  the 'average' income given  by the median or the mean ? ) ;  and the second query i s  concerned w ith th e re p re se n ta tiv e n e s s  o f  the group examined by E ( iey i s  i t  t y p ic a l  o f  q u a n tita t iv e  s o c io lo g i s t s  in  g e n e ra l ? ) .  Suppose
th a t  E cannot be fa u lt e d  on e it h e r  c o u n t, but t h a t ,  however, another s o c io lo g is t  M ( ie 7 me) fin d s  th a t the q u a n tita t iv e  s o c io lo g is t s  he stu d ie d  were c lo s e r  to S c i e n t i f i c  R e a l is t s  -  M 's stu d y a ls o  cannot be fa u lte d *  Which o f  the two s t a t i s t i c s  i s  c o r r e c t  ? And -  t h is  i s  e s s e n t ia l  -  what i s  our c r i t e r io n  o f  'c o r r e c tn e s s ' ? For som ething to be in c o r r e c t , or to t a lk  o f  degrees o f  'c o r r e c tn e s s ' we must have a n o tio n  o f  v/hat i t  i s  to be p e r fe c t ly  c o r r e c t , ( B a c h e la r d t lf  we have a P h ilo so p h y  o f  Yes we must have a  P h ilo so p h y o f  N o ). I f  a l l  q u a n tita t iv e  s o c io lo g is t s  were stm died we might f in d  th a t  th e s t a t i s t i c  had th e v a lu e  'P r a g m a tis t ' -  a  m y th ica l c re a tu re  ak in  to th e G r i f f o n  and h a lf-w a y  between L o g ic a l  P o s i t i v i s t  and N eo-AristotfclJan R e a l i s t .The name g iv e n  to  a  s t a t i s t i c  c a lc u la te d  from a l l  p o s s ib le  in d iv id u a ls  ( i e  the 'p o p u la t io n ')  i s  a  Param eter.  I f  th e param eter i s  P r a g m a tis t , and E and M loooked at s im ila r  numbers, then probably the s t a t i s t i c s  S c i e n t i f i c  R e a l is t  and P o s i t i v i s t  are each as l i k e l y  as th e o th e r  to be found in  subgroups ( i e  's a m p le s ') . G ive n  the n o tio n  th a t
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s t a t i s t i c s  from san p les need not agree w ith th e correspond ing param eters o f  p o p u la tio n s , we can then employ the a b s t r a c t , (c o n c e p tu a l ?) n o tio n  o f  a sam pling d is t r ib u t io n  o f  a s t a t i s t i c .  In  ta k in g  many d i f fe r e n t  samples from a p o p u la tio n  we w i l l  f in d  many d i f fe r e n t  v a lu e s  o f  s t a t i s t i c s ,  some s t a t i s t i c s  o ccu rin g  more fre q u e n tly  than o th e r s . The graph o f  th e  ( t h e o r e t ic a l)  frequency o f  occurence o f  any v a lu e  fo r  a  s t a t i s t i c  g iv e n  a s e t  v a lu e  o f  th e param eter i s  c a lle d  th e sam pling d istrib u tio n  o f  a s t a t i s t i c ,  ( t h i s  i s  u s u a lly  a  p u re ly  m athem atical e n te r p r iz e ) .
parameter
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T h is  t h e o r e t ic a l  n o tio n  has been atta ck ed  q u ite  unreasonably» because we can never co n ceive  o f  a  very  lo n g  run o f  d iffe re n tS a m p le s  to have any re le v a n ce  to the in d iv id u a l sam ple. As i t  so fre q u e n tly  is »  a  v a lu a b le  n o tio n  i s  l o s t  because i t  can be used in  more than one way -  and th e way i t  i s  commonly used i s  h ig h ly  dubious ( to  w its 'T h e  S ig n if ic a n c e  T e st C o n tro v e rsy ’ )•  Some im portant im p lic a tio n s  o f  th e sam pling d is t r ib u t io n  o f  a s t a t i s t i c  are d iscu sse d  below in  co n n ectio n  w ith B a yesian  and F id u c ia l  In fe r e n c e ; but fo r  the p resen t s u f f i c e  i t  to say t h a t ,  as some v a lu e s  o f.: s t a t i s t i c s  are more l i k e l y  to occu r than o th ers g iv e n  a c e r t a in  v a lu e  o f  th e param eter,  so, under la c k  o f  knowledge o f  the v a lu e  o f  the param eter, some p o s s ib le  v a lu e s  o f  the parameter are more l i k e l y  to be tru e than o th e rs  g iv e n  a c e r t a in  fixed, observed v a lu e  o f  the s t a t i s t i c .
In  many cases the sam pling d is t r ib u t io n  o f  a s t a t i s t i c  fo llo w s  a normal d is t r ib u t io n  ( eg F ig u re  1 .2 .1 )  w ith a mean equal to  th e v a lu e  o f  the param eter; and t h is
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d is t r ib u t io n , whdse m athem atical fo rm u latio n  arose from th e 'th e o ry  o f  (measurement) e r r o r s ' ,  has l e d  many to confuse sam pling e rro r  and measurement e r r o r . The nature o f  a statem ent to th e e f f e c t  th a t  we are 99. 9% c e r t a in  th a t  th e v a lu e  o f  param eter i s  w ith in  c e r t a in  l i m i t s ,  i s  e n t ir e ly  d i f fe r e n t  from . th e  n atu re o f  a statem ent th a t  th e  speed o f  l i g h t  l i e s  w ith in  c e r t a in  l i m i t s .  In  the f i r s t  case  our l i m i t s  are s e t  by th e s iz e  o f  sample and th e r e c o g n itio n  th a t  th e v a lu e s  o f  s t a t i s t i c s  w i l l  d i f f e r  from th e v a lu e  o f  the param eter; in  th e second case  our l i m i t s  are s e t  by our te c h n ilo g y , eg our wavemeter w i l l  o n ly  measure to c e r t a in  l e v e l  o f  a cc u ra c y , and th e  e x is te n c e  o f  a  'p o p u la tio n ' o f  p o s s ib le  rea d in gs i s  a n o n -s ta r te r . In  a s im ila r  s o r t o f  way th e ju x t a -p o s it io n in g  in  argument o f  S t a t i s t i c a l  M echanics (sa y ) and s t a t i s t i c a l  methods in  s o c io lo g y  i s  a  nan- s t a r t e r  (though see N agel(l961:290-293»503-510) fo r  an example o f  t h i s ) .  In  s t a t i s t i c a l  m echanics we' observe what i s  analogous to  a p o p u la tio n  o f  ( say) gas m o le cu le s , each in d iv id u a l m olecule has i t s  own energy and we wish to p r e d ic t  th e  v a lu e  o f  a  q u a s i-
1.2.8
paraiafcer -  the average energy o f  th e gas per u n it  s u r fa c e . The v a lu e  o f  the q u asi-param eter i s  c o n s ta n tly  f lu c t u a t in g  ( by minute amounts) and i t  i s  p o s s ib le  to graph v a r ia t io n s  i n  v a lu e  o f  q u asi-param eter a g a in s t frequ ency o f  occurence to  o b ta in  a graph somewhat s im ila r  to  F ig u re  1 .2 .1 .  The s im ila r i t y  i s  n i c e , bu t i t  i s  m is le a d in g , because in  F ig u re  1 .2 .1  the v a r ia t io n  was in  v a lu e  o f  th e s t a t i s t i c ,  whereas in  t h i s  ca se  th e v a r ia t io n  i s  i n  th e v a lu e  o f  th e param eter ( which i s  v/hy I  termed i t  a q u a si-param eter -  i t  i s  a  parameter but o n ly  fo r  a  s h o rt in s t a n t ) .  I t  i s  always p o s s ib le , I  suppose, to  regard  th e  q u a s i-  paramettt's as r e a l l y  s t a t i s t i c s  because th e a c tu a l s t a t i s t i c a l  methods are th e  same, but in  sam pling we are in  a d i f fe r e n t  b all-gam e ( and what i s  the p o p u la tio n  in  th e ca se  o f  qu asi-p aram eters ? ) .
The q u estio n  i s ,  a g a in , o n to lo g ic a l  r A »true* param eter o f  a  d is t r ib u t io n  ( though i t  may p o s s ib ly  vary  i n  v a lu e  over tim e) i s  e s s e n t ia l ly  d i f fe r e n t  from the speed o f  l i g h t  or the ascen sio n  o f  Venus.
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The f i r s t  r e fe r s  to  a  c h a r a c t e r is t ic  o f  a  p o p u la tio nand th e d is t r ib u t io n  o f  some v a r y in g  q u a n tity  acro sst h i s  p o p u la tio n , and (assum ing p e r fe c t  measurement)«any p o s s ib le  v a r i a b l i t y  i n  e s tim a tin g  th e  v a lu e  o f  t h is  param eter i s  due to  th e f a c t  th a t  we cannott com p letely  enumerate t h is  p o p u la tio n  -  a  com plete enumeration v/ould le a d  to  th e  same kin d  o f  v a r i a b i l i t y  in  measurement as in  th e ca se  o f  th e speed o f  l i g h t .
T h is  sm a ll p o in t  le a d s  us e l l l p t i c a l l y  to  my main p.^int -  n a tu r a l s c ie n ce  i s  by n ature d i f f e r e n t  from s o c ia l  sc ie n c e  -  and a lso  s tr e s s e s  th e  im portance o f  d is t r ib u t io n s , and th e r e fo r e  s t a t i s t i c s  and p r o b a b ilit y  th e o ry , in  s o c io lo g y . In  f a c t  s o c io lo g y  i s  s t a t i s t i c a l  ( i n  th e w idest sense o f  th e term s t a t i s t i c a l ) .
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1 .2 .2  The O n to lo g ic a l S ta tu s  o f  P ro b a b ility -
In  W ille r -a n d -W ille r  (1973) th ere  i s  a ch a p te r on ''P r o b a b ility  in  em piricism  and s c ie n c e "  w ritte n  by H ernadez-Cela (h e n ce fo rth  H -C ) . T h is  i s  a poor ch ap ter in  a t r i t e  book ( i e  H -C , 1973); and we have in  our p o ssesio n  a  s u f f i c i e n t l y  cap aciou s «armoury • o f  concepts to examine i t  in  a comprehehsive manner. Because 'P r o b a b il i t y '  i s  the key elem ent, as the se ctio n -h e a d  says : What i s  p r o b a b il it y  ?
One, p r o b a b ilit y  can be the param eter o f  a  d is t r ib u t io n , i e  th e p o p u lation  e q u iv a le n t o f  the s t a t i s t i c  we c a l l  a  p ro p o rtio n . W h ittle  (1970:28) says ' . . . T h e  p r o b a b ilit y  o f  A . . . i s  to  be regarded as the expected p ro p o rtio n  o f  experim ents £ ie  cases]]in  which A a c t u a l ly  o c c u r s . The m o tiv a tio n  fo r  the d e f in it io n  comes from the f i n i t e  £n bj]] p o p u la tio n  c e n s u s . . . ' .What W h ittle  means by 'e x p e c te d ' p ro p o rtio n  i s  the
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mean ot' tit*  sampling d is t r ib u t io n  o f  th e proportion. Now, cot'responding to a  sample proportion, we have a p o p u la tio n  p r o b a b ility , where (a s  I  note above) th e p o p u la tio n  i s  p o s s ib ly  f i n i t e  s T h is  i s  in  com plete c o n tr a d ic tio n  to  H-C (1973:97) when he w r ite s  * . . . a  r e la t iv e  frequency jjLe a proportion^] i s  a p r o b a b il it y  only i f  the number o f  events taken in to  account i s  i n f i n i t e . . . 1 ( my emphasis -  H-C i s  p rop osin g an a lte r n a tiv e  d e f i n i t i o n , as i f  i t  were th e  o n ly  d e f in i t i o n ) .
Two, p r o b a b ilit y  can be a p r o b a b il it y  'd e n s ity *  : th a t  i s ,  fo r  any d is t r ib u t io n  we can f in d  the p ro p o rtio n  o f  cases between v a lu e s  X and X + £ X  (s a y ) d iv id e d  by the d if fe r e n c e  between the two v a lu e s , i e  A X . I f  P r(x  : X £ x  £ X + AX) re p re se n ts  th e p ro p o rtio n  o f  cases o f  v a lu e  x ,  where x  l i e s  between Z  wad X + ilx  and we w rite
e (x) * ?r<x : X d x d X + &0—
l e t t i n g  IJ* tend to zero g iv e s  a  l im it i n g  v a lu e  o f
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t h i s  fu n c tio n  g ( x ) .  I f  F(x) i s  the p ro p o rtio n  o f ,  ca se s  in  which the v a lu e  o f  th e  v a r ia b le  ' i s  l e s s  than X , the l im it i n g  v a lu e  o f  g(x) i s  g iv e n  by f ( X ) ,  where
f(X ) = dF(X) . . . . . . . . ( 1 . 2 . 1 )• dX
T h is  l im it i n g  v a lu e  ( f(X ) ) i s  the p r o b a b il it y  d e n s ity  o f  X -  m ath em atically  i t  i s  g iv e n  by the s lo p e  o f  th e  graph o f  the cu m u lative proportion ( i e  th e  o g iv e , F(X) ) a g a in s t  X ,  a t  any p a r t ic u la r  p o in t . f(X ) i s  not th e p r o b a b il it y  ( o r  p ro p o rtio n !)  o f  X -  assume fo r  the moment th a t  X i s  con tin uou s­valu ed  -  o f  X o c c u r in g , fo r  th e  p r o b a b il it y  o f  o b serv in g  any p a r t ic u la r  v a lu e  o f  X beforehand i® n e a r -z e r o , though a f t e r  i t  has been observed th e r p r o b a b ilit y  i s  u n it y . The p r o b a b il it y  d e s ity  i s  what i s  shown by th e h e ig h t o f  th e curve in  F ig u re1 .2 .1  -  th a t i s  th e a x is  la b e l le d  »Frequency*•
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T h re e , p ro b ab ility  can be a  'l ik e lih o o d *  .  L e t  us be in te r e s te d  in  th e sam pling d is t r ib u t io n  o f  the s t a t i s t i c  S , g iv en  ~ <- . a  f ix e d  value. o f  th e p aram eter, ie  P .  The p r o b a b il it y  d e n s ity  o f  a  c e r t a in  v a lu e  o f  S ,  g iv e n  t h is  f ix e d  v a lu e  o f  P w i l l  be w ritte n  f ( S : P ) .  Suppose, however, t h a t ,  in ste a d  o f  b e in g  in te r e s te d  in  how l i k e l y  a v a lu e  o f  S i s  to o c c u r , we use th e in fo rm a tio n  about th e v a lu e  o f  S we have c a lc u la te d  to say som ething about p o s s ib le  v a lu e s  o f  th e param eter (g iv e n  th e v a lu e  o f  the s t a t i s t i c  and in fo rm a tio n  about the sam pling d is t r ib u t io n ) .  O b vio u sly  some v a lu e s  o f  the param eter are more l i k e l y  to be c d rre c t than o t h e r s , and i f  the p r o b a b ilit y  op S g iv e n  a  c e r t a in  v a lu e  o f  P i s  f ( X : P ) ,  we can tu rn  t h is  around to  say th a t  th e ’ L ik e lih o o d ' o f  th e v a lu e  o f  P g iven  a  c a lc u la te d  v a lu e  o f  S ( i e  L (P :S ))  i s  r e la t e d  to  the p r o b a b il it y  d e n s ity  by :
L (P î S) = f( S :P )  .....................( 1 .2 .2 )
*'L ik e lih o o d *  ( as i s  'p r o b a b i l i t y  d e n s ity ' ) i s  a
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Qm athem atical a b s t r a c t io n , and i s  o n jd if fe r e n t  l e v e l  to p r o b a b ilit y  d e fin e d  as the v a lu e  o f  a  param eter. (Maximum L ik e lih o o d  methods o f  choosing a  param eter in v o lv e  choosing th e v a lu e  o f  P fo r  which the l ik e lih o o d  L (P :S )  i s  g r e a t e s t . See De F in n e t t i  (1972:73-7i*) fo r  s p e c i f i c  comments on th e typ es o f  p r o b a b il it y  from a B a yesian  v ie w p o in t) .
O b vio u sly  'p r o b a b i l i t y ' ,  ‘ p r o b a b il it y  d e n s ity ' and ' l ik e l ih o o d ' are o n t o lo g ic a lly  d i s t i n c t  co n cep ts; and th e n o tio n  o f  p r o b a b il i t ie s  b e fo re  and a f t e r  th e event b e in g  d i s t i n c t  i s ,  we w i l l  s e e , o f  c r u c i a l  im portance. The H-C c r it iq u e  co n fu ses a l l  th ese  . and in  my d is c u s s io n  I  w i l l  le a v e  a s id e  such o u tla n d ish  s c e p tic is m  as ( H -C ,1973:97) ' . . . T h e  proportion, however, i s  not r e le v a n t to  £ t h o s e ] . . .  not in  th e s a m p le ...'( m y  em phasis). S u re ly  i t  must be re le v a n t in  some way to o th e r s , oth erw ise we have to  contem plate chaos ? W ittgen stein 's  a t t it u d e  towards e te r n a l s c e p t ic s  was : Go ahead and p r a c t ic e  your s c e p t ic is m . In  t h is  case : Why w orry, what you say abdat some q u a n tita t iv e  s o c x o lg is t s  i s  not
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afcKtfr e le v a n t to  scayj q u a n tita t iv e  s o c io lo g is t s  ?
The c r it iq u e  commences w ith  a  j u s t i f i a b l e  condemnation o f  the n o tio n  ( H -C ,1973:96)•. . . t h a t  s c i e n t i f i c  knowledge i s  gained by in fe r e n c e  from th e  d ir e c t  o b se rv a tio n  o f  in d iv id u a l f a c t s . . . '  but im m ediately he f a l l s  in to  a  w e ll-p o p u la te d  tra p  : ' . . . t h e  most th a t  can be s a id  about th e number o f  heads th a t  w i l l  tu rn  up when to s s in g  a c o in  twenty tim es i s  th a t th ere  w i l l  be a  p a r t ic u la r  frequency which i s  unknown u n t i l  we to s s  th e c o in . In  o th e r  w ords, th e assignm ent o f  a  v a lu e  i  sim ply because th e co in  has two s id e s  i s  an e rro r because we do not know th a t each s id e  w i l l  be e q u a lly  rep resented  in  any e m p iric a l c a s e . Eoual re p re se n ta tio n  in  p r o b a b il it y  i s  a m athem atical assumption which i s  v io la te d  in  f i n i t e  em n irid al c a s e s . . . ' ( H - C ,1973:98 -  my em phasis).
Two m istakes are made : f i r s t l y ,  we cannot know how many heads w i l l  a r is e  in  twenty to s s e s  but we can say which i s  the most probable number o f  heads th a t  w i l l  appear -  th ere  i s  no m athem atical assumption
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which i s  v io la te d  in  e m p iric a l c a s e s , (u n le s s  we con fu se s t a t i s t i c  w ith param eter); the second m is ta k e • i s  fu r th e r  e x e m p lifie d  in  * ...V / e  are to ld  th a t the p r o b a b il it y  o f  r a in  tomorrow i s  60% when, in  f a c t ,  i t  w i l l  e it h e r  r a in  or i t  w i l l  n o t . Such statem ents are £as u su a l u n j u s t i f i e d ,  wrong and m i s l e a d i n g . . .1 ( H -C ,1973598)• I  too am not a l l  th a t c o n fid e n t about weather fo r e c a s t s , bu t H-C has confused two o n t o lo g ic a lly  d i s t i n c t  item s -  the form er i s  a measure o f  b e l i e f  in  the occurrence o f  a  fu tu re  e v e n t, and th e l a t t e r  i s  an o b se rv a tio n  made o f  the fu tu re  event a f t e r  th e event has happened. H-C would ask us to condemn statem ents such as : »The weather tomorrow i s  l i k e l y  to  be v e ry  warm' as ' . . .u n ju s t i f ie d ,w r o n g  and m is le a d in g .. . • .  (H ere i s  a  consequence o f  the P la t o n ic  I d e a l i s t  epistem ology -  an A risto te lia n  would never have contem plated t h is  f ly i n g  in  the fa c e  o f  common-sense re a s o n ) . There i s  a ls o  the p o in t th a t  what we should do or b e lie v e  b e fo re  the event i s  d i f fe r e n t  from what we should do o r b e lie v e  a f t e r  the e v e n t. The p o in t th a t i s  r e it e r a te d  in  th e c r it iq u e  (w ith  u h b e lie v a b le  deduced consequences)^
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the p o in t i s  th a t  an observed p ro p o rtio n  i s  not a p r o b a b ility »  ( i e  a s t a t i s t i c  i s  not a param eter) and an o b se rv a tio n  i s  not a  p r o b a b il it y  -  tru e  but t r i t e .
I  w i l l  f i n i s h  th ese n otes on the c r it iq u e  by exam ining ( H -C ,1973:101) » . . .F i s h e r  i n  h is  " f i d u c i a l ” argument claim ed th a t p r o b a b ilit y  can be co n stru cte d  out o f  a v a ila b le  d a t a . Thus F is h e r  r e je c te d  the n o tio n  th a t  th ere i s  any d if fe r e n c e  between a p ro p o rtio n  and a p r o b a b i l i t y . . . ' .  C le a r ly  H-C has misunderstood F is h e r 's  argument (he i s  not alone i n  t h is  ! ) ,  fo r  
in essence -  g iv en  a v a lu e  o f  th e s t a t i s t i c  S -  F is h e r  asks us to  examine th e v a r ia t io n  in  v a lu e  o f  the l ik e lih o o d  L (P jS )  w ith th e p o s s ib le  v a lu e s  o f  th e param eter P .  F is h e r  then asks us to t r e a t  v a lu e s  o f  L (P :S )  as i f  th ey were p r o b a b ilit y  d e n s it ie s  -  th is »  I  suppose, i s  what H-C means by ' . . .p r o b a b lit ie s  Jl ( P j S)^ can be co n stru cte d  out o f  a v a ila b le  d a ta  £ s ] . . . * .  Note th a t  the f i d u c i a l  argument re q u ire s  not o n ly  the v a lu e  o f  the s t a t i s t i c  but a lso  the form o f  the sam pling d is t r ib u t io n  o f  the s t a t i s t i c  ( to
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g iv e  f( S îP )  upon which we hase L (P îS )  ) .
Below ( in  Chapter 2) I  e lu c id a te  the im p lic a tio n s  o f  th e d is t in c t i o n  between th e sam pling d is t r ib u t io n  o f  a  s t a t i s t i c  and th e f i d u c i a l  d is t r ib u t io n  o f  p o s s ib le  v a lu e s  o f  a  param eter, a f t e r  c o n s id e ra tio n  • f  a case study in  in fe r e n c e  in  the n ext s e c t io n .
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1 .3  A C ase-Study in  In fe re n ce
Not a g re e in g  w ith  H ern and ez-Cela th a t  we cannot learn , an ythin g about the g e n e ra l through the exam ination o f  the p a r t ic u l a r ,  I  s h a l l  proceed to  show how i t  may be p o s s ib le  to make some g e n e ra l p o in ts  about th e o r y -te s t in g  from an exam ination o f  a p a r t ic u la r  s tu d y . The study i s  th a t o f  Ford and Boje( 1967)» and, le a v in g  fo r  l a t e r  d e le c t a t io n  t h e ir  t h e o r e t ic a l  developm ent, I  w i l l  co n sid e r t h e ir  a n a ly s is  o f  r e s u lt s  in  support o f  t h e ir  th e o ry . A c tu a lly  a l l  t h a t / w ill  examine i s  con tained i n  p a rt o f  t h e ir  T able 1 , and (Ford and B o x ,1967:295) :'•••When a l l  th ree v a r ia b le s  £  i e  Type o f  S c i e n t i s t ,  Type o f  Favou rable Emplyment C o n d it io n s , and Expected Degree R e s u lt^  are considered to g e th e r , however, our a b i l i t y  to p r e d ic t  o c c u p a tio n a l ch o ice  £ ie  Future Employment P re fe re n ce  (U n iv e r s ity / In d u s tr y )J i s  much im proved. Thus fou r out o f  f iv e  p u b lic  s c i e n t i s t s  p e rc e iv in g  u n iv e r s it y  as p ro v id in g  b e tte r
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p r o fe s s io n a l freedom and e x p e c tin g  good degrees £a 'Type A' s c ie n tis t] Jc h o s e  academic employment, w h ile le s s  than one in  te n  in stru m e n ta l s c i e n t i s t s  p e r c e iv in g  in d u s try  as p ro v id in g  h ig h e r s a la r ie s  than u n iv e r s it ie s  and e x p e c tin g  degrees o f  low er second c la s s  standard or l e s s  £  'Type B ' s c i e n t i s t s  chose such employment• •• '
T ab le 1 .3 .1O ccu p a tio n a l ch o ice o f  two ty p es o f  u n iv e r s it y  s c ie n c es tu d e n ts . UNIVERSITY INDUSTRYTYPE A 15 kTYPE B 1 12
T h is  i s  F o rd -an d -B ox's  in te r p r e t a t io n  o f  th e re m its  shown in  T able 1 .3 .1 ,  and i s  the cu lm in a tio n  o f  a lo n g  d is c u s s io n  o f  th e sep a rate  e f f e c t s  o f  th e th ree v a r ia b le s  on o ccu p a tio n a l c h o ic e . In  e s se n ce , th ey
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show th a t  when u n iv e r s it y  s c ie n c e  stu d e n ts  ares p l i t  up in to  v a rio u s  groups (saraples^hought to  he tvr e p r e s ^ ta t iv e  in  some way o f  a t h e o r e t ic a l  p o p u la tio n  where the p o p u latio n  i s  f i n i t e  and i d e a l - t y p i c a l ) ,  then in  th ese  groups the p ro p o rtio n s choosing u n iv e r s it y  d i f f e r .  To e s t a b lis h  th a t  th e  p ro p o rtio n s d i f f e r  th ey  apply ch i-sq u a re d  t e s t  o f  s ig n if ic a n c e  -  th ey do not do t h is  fo r  th e d if fe r e n c e  between th e two groups which most c le a r ly  t e s t s  t h e ir  th e o r y . I  w i l l  not use a co n ve n tio n al t e s t  o f  d if fe r e n c e  between p ro p o rtio n s; the reason fo ?  t h is  i s  p a r t ly  ex p lain ed  i n  th ese terms -  am I  in te r e s te d  in  whether th e two samples come from th e same p o p u la tio n  ? ( ToQquote from^well-known b o o k -w r it t e n  (so we are to ld ) by ' . . . a  Fellow  o f  th e  R oyal S t a t i s t i c a l  S o c i e t y . . . '-  (Reichm ah, 1970:327) ' . . . I t  i s  sometimes d e s ir e d ., to  t e s t  whether two samples are in  f a c t  drawn from th e same p o p u latio n  o r whether th e re  i s  a  s i g n i f i c a n t  d if fe r e n c e  between the samples and th e r e fo r e  a lso  between the p o p u la t io n s .. .F o r  t h is  purpose we may c a lc u la t e  th e standard erro r o f  the d i f fe r e n c e . . . ' )Venn p o in te d  out th a t any p e rso n , indeed any sam ple,
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l s  p a rt o f  a  v a s t  number o f  p o p u la tio n s5 in  th e case o f  th e  Type A and Type B stu d en t s c i e n t i s t s ,  both samples are from the p o p u la tio n  o f  stu d en t s c i e n t i s t s !  I f  we tw is t  the t e s t  in to  a  t e s t  whether th e two samples come from , d if fe r e n t  p o p u la tio n s but w ith the same mean, as i s  sometimes done, we have l o s t  the sam pling th eory le g it im a t io n .T h is  w i l l  be explored in  more d e t a i l  l a t e r .
Consider t h is  then : o f  a l l  th e  students in terview ed  .3  chose u n iv e r s it y  as t h e ir  fu tu re  employment p re fe re n ce ; suppose, th e r e fo r e , fchat th e p o p u latio n  p r o b a b ilit y  fo r  Type A s c i e n t i s t s  was a ls o  .3  “  g iv en  a param eter o f  t h is  v a lu e  what i s  the p r o b a b ilit y  d e n s ity  o f  o b ta in in g  15 ch o ice s  o f  u n iv e r s ity  out a  t o t a l  o f  19 ? R e fe r in g  back to F ig u re  1 .2 .1 ,  a l t e r n a t iv e ly , what i s  the Frequency o f  a  s t a t i s t i c  o f  v a lu e  .7895 (=15/19) i f  th e  v a lu e  o f  th e parameter i s  .3  ? A c tu a lly  F ig u re  1 . 2 .1  i s  not too accu rate  a re p re se n ta tio n  in  t h is  case because the sam pling d is t r ib u t io n  i s  not sym m e trica l, n e ith e r  i s  i t  continuou s ( i t  i s  d is c r e t e ) .  The p r o b a b ilit y  d e n s ity  in  t h i s  case
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i s  g iv en  from th e th eo ry  o f  "binomial sampling, th a t i s / the p r o b a b ilit y  d e n s ity  i s  ( w r it in g  f a c t o r i a l  n as n ! ) :
12115! 4! ( .3 ) 15(1 .3 ) 4
t' i6( th is lc o n s id e r e d  in  g r e a te r  m athem atical d e t a i l  in-5Appendix D ),  and has th e v a lu e  1 .3 4  X 10 -  a v erylow f ig u r e . We have to co n sid e r whether t h i s  very  low v a lu e  has any meaning : fo r  exam ple, what i s  th e p r o b a b il it y  d e n s ity  o f  t h i s  s t a t i s t i c  correspond ing to  a param eter o f  v a lu e  .79 7 The p r o b a b il it y  d e n s ity  in  t h is  case  i s  j *
i H —  ( .7 9 ) 15(1 -  . 7 9 ) k
and has th e v a lu e  2 .20 x  10~^ -  s t i l l  a low v a lu e ,but much g r e a te r  than the p re vio u s d e n s ity .
• . ■ .... . •». ...
What has been done ? I f ,  as in  th e  p re v io u s  s e c t io n , we »in v ert*  th e p r o b a b ilit y  d e n s ity  o f  a  s t a t i s t i c  to  a r r iv e  a t th e l ik e lih o o d  o f  a param eter (p  1 .2 .1 3 ) ,
1.3 .6
then the l ik e lih o o d  o f  a param eter b e in g  .79 i s
►2.2 0  x  10“ 1 and th e l ik e lih o o d  o f  the param eter b e in g  .3  i s  1.3Z* x  IQ’ 5 • The r e la t iv e  l ik e lih o o d  o f  th e  param eter b e in g  .79 to  i t  b e in g  .3  i s  thus 1.6** x  10 to  1 ; a lte rn a tiv e ly ^  th e l ik e lih o o d  th a t  th e «ample i s  drawn from a p o p u la tio n  w ith  a h ig h  ( in  t h is  case  an estim a te  i s  .79) p r o b a b ilit y  o f  ch o o sin g  u n iv e r s it y  i s  v a s t ly  g r e a te r  than the l ik e lih o o d  o f  th e sample b e in g  drawn from a p o p u latio n  w ith  a low ( .3 )  p r o b a b il it y  o f  choosing u n iv e r s it y . E x p re ssin g  t h is  in  p ercentage term s, we could  say  we are 99.998# c o n fid e n t: th a t *••• th ere  are about [ 99998]} chances out o f  ^LOOOOO} th a t  th ey  have h i t  upon som ething r e a l l y  t r u e . . . ' ( Z e t t e r b e r g ,1966s161) .We may have h i t  upon the o u tla n d ish  case but our n o n - s t a t is t ic a l  knowledge su g g e sts  th a t  t h i s  i s  noth th e case s probably t h is  i s  c l e a r l y  a sample from a  h igh  p r o b a b il it y  p o p u la tio n , where t h i s  p o p u latio n  i s  more o f  a t h e o r e t ic a l  c o n s tru c tio n  than an yth in g e ls e  -  a  t h e o r e t ic a l  c o n s tr u c tio n , th a t  i s ,  which attem pts to  p o rtra y  a r e a l  t h in g , and, in d ee d , may be r e a l .  I  su ggest th a t t h is  a n a ly s is  forms a
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c le a r  co n firm a tio n  o f  Ford-and-B ox*s p r e d ic t io n , (w hether th e p r e d ic tio n  r e a l l y  fo llo w s  from the th eo ry  i s  a d i f f e r e n t  -  e p is te m o lo g ic a l -  q u e s tio n ) .
What i s  a ls o  shown in  T ab le 1 .3 ,1 ,  i s  the converse o f  Type A , th e Type B s c i e n t i s t .  The observed sample p ro p o rtio n  ch oosing u n iv e r s it y  i s  i s  .0769 (=  1/13) : th e p r o b a b il it y  d e n s ity  correspond ing to a  p r o b a b il it y  o f  .3  i s  :
m ____
1 ! 121 ( •3)1(1 -  . 3)12
and, l ik e w is e , fo r  a  p o p u la tio n  p r o b a b il it y  o f  .08 :
( .O S ) ^ !  -  .0 8 )12
The r e la t iv e  l ik e lih o o d  o f  th e param eter b e in g  .08  to  i t  b e in g  .3  i s  thus s
which i s  equal to if.9  6 . T h is  r e l a t iv e  l ik e lih o o d
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i s  not very  h ig h , which i s  p ro b ab ly  due to  two th in g s  : th e  sm all number o f  Type B s c ie n c e  stu d e n ts  in te rv ie w e d , so th a t  we cannot be v e r y .s u r e  o f  th e  s t a b i l i t y  o f  th e  s t a t i s t i c  as a measure o f  th e param eter and th e s m a ll  d iffe r e n c e  between th e ‘ average1 *■  p r o b a b il it y  o f  .3  and the 'Type B' p r o b a b il it y  ( a s  hyp othesized ) o f  .08  . ‘ (Below i t  w i l l  be shown how t h i s  r e la t iv e  l ik e lih o o d  o f  4 .9 6  corresponds to  a ( o n e -ta ile d )  p -v a lu e  o f  .04» stan d a rd ized  to  a  normal d is t r ib u t io n . The d if fe r e n c e  would be e s ta b lis h e d  r a th e r  more •fir m ly ' in  the co n ve n tio n a l t e s t s ) .
What we have are r e a l l y  two sep a rate  t e s t s  o f  the th eo ry J as both t e s t s  support th e  p r e d ic tio n s  -  to  d i f f e r i n g  e x te n ts  -  does t h i s  mean th a t we have a g r e a te r  amount o f  co n fid en ce in  t h e ir  th eo ry  than i f  we had ju s t  one t e s t ?  In  any sane world t h is  would be s o , but r a r e ly  i s  t h is  done in  s o c io lo g y . U s u a lly  t e s t s  are made a g a in s t a n u ll  h y p o th e s is , and i f  p i s  l e s s  than .1  th e n u l l  h y p o th e sis  i s  a cce p te d , but the r e s u lt s  o f  t h i s  t e s t  are not used to  inform  l a t e r  t e s t s  o f  th e same n u l l  h y p o th e s is .I f  we have o n ly  sm a ll samples i t  i s  v ery  d i f f i c u l t
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n ot to  a cce p t th e n u l l  h yp othesis > in  most c a s e s , because g e n e r a lly : th e sm a lle r  the sample th e g r e a te r  the v a r ia t io n  in  f e a s ib le  v a lu e s  o f  the ap p ro p riate  param eter. However, i f  in  a l l  th e d i f fe r e n t  samples th e s t a t i s t i c  was p o s i t iv e , (and th e n u l l  h y p o th e sis  i s  th a t  th e  param eter i s  le s s  than o r equal to zero)- s u r e ly  th e  n u l l  h yp o th e sis  i s  in c o r r e c t  ? In  th e co n v e n tio n a l t e s t s  ' . . . a f t e r  a  tim e th e n u l l  h y p o th e sis  jo in s  th a t corpus o f  hypotheses r e fe r r e d  to  as 'k n o w led g e'.  on no p o s it iv e  grounds w hatever. . . * ( Edw ards,1972:179).U sin g  t h i s  EL ( R e la t iv e  L ik e lih o o d ) method, we sim ply combine th e 'o d d s' : in  t h is  case  th e odds th a t the p r e d ic tio n s  taken to g e th e r are tru e , ra th e r  than th a t the r e s u lt s  are m erely sampling f lu c tu a t io n s  from a  common average v a lu e ,th e s e  odds are 8 .1 6  x  10^ to 1 ( 8 .1 6  x  10^= 1 .6 if x  10^ x  4 .9 6 ) . The com bination o f  odds d erived  from co n ve n tio n al t e s t s  i s  in c o r r e c t , as w i l l  be exp lain ed  in  the next c h a p te r . The s p e c if ic a t io n  o f  .3  as the 'a v e ra g e ' p r o b a b ilit y  and ch o ice  o f  ¿?9 and .08 a r e , o f  co u rs e , open to  d is c u s s io n  and
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perhaps t h is  might le a d  to fu r th e r  c l a r i t y  i n  th e p r e d ic t io n s .
I t  might be o b je cte d  th a t  a t e s t  i s  a t e s t  i s  a t e s t ,  in  the sense th a t  a  sample i s  a sample i s  a sam ple. In  t h is  exam ple, i f  Type A were more l i k e l y  (n o te  how common usage i s  so fr e e  w ith th e se  te c h n ic a l terms -  o r i s  i t  v ic e  v e r s a ) , to  r e p e a t , i f  Type A were more l i k e l y  than Type B to  choose u n iv e r s it y  employment in  t h is  s tu d y , t h a t  i s  th a t  -  to  E urydice w ith th e s t a t i s t i c a l  t e s t s ?  One obvious o b je c tio n  to t h is  i s  to  show th a t I  co u ld  form a  sub-sam ple o f  k  Type A stu d e n ts  who chose in d u s tr y , and a sub-sam ple o f  1 Type B stu d en t who chose u n iv e r s it y  -  perhaps H ern a n d e z-C e la 's  arguments about samples can be seen in  t h i s  l i g h t .  I f  a p r e d ic tio n  were couched in  terms such as 1 a l l  X are Z ' ,  then a t e s t  i s  a t e s t .
CHAPTER 2 ^
STATISTICAL INFERENCE
'• • •  when we are pow erless to  d is c e r n  th e tr u e s t  o p in io n s , we must fo llo w  th e most p ro b a b le , and although we see no more p r o b a b ilit y  In  some than In  o th e r s , we must n e v e rth e le s s  s e t t l e  on some ••y f ( Ren€ Descartes .  D isco u rse  on Method ( 3 )) .
2.1 .1
2 .1  G roups, P o p u la tio n s  and Samples
There i s  a group o f  in d iv id u a ls  -  a  s e t c a l le d  G .The in d iv id u a ls  in  G are a ls o  members o f  a  wider group -  a  s e t c a lle d  U . T e c h ic a lly  we say th e gro.up G i s  in clu d ed  in  U , in  s e t  n o ta tio n
G «=■  U • » • • • • • • ( 2 .1 .1 )
The s e t  G i s  composed o f  many elem en ts, where each element i s  an e^ and we show t h is  by
. . . . . . . . ( 2 . 2 . 2 )
How do we know whether a c e r t a in  in d iv id u a l i s  in  G o r not i n  G ( i e  5 )?  I f  we have no in fo rm a tio n  a t a l l  about an in d iv id u a l , o th e r  than th a t  th e in d iv id u a l i s  an in d iv id u a l , we are not ab le  to say whether the in d iv id u a l i s  in  G o r  G , ( though by d e f in it io n  th e in d iv id u a l w i l l  always be in  U )• For any In d iv id u a l e (say ) we can always w rite
2.1 .2
e* £  U ( 2 .1 .3 )
( e* i s  a member o f  U ) ,  but th e q u estio n  i s  whether 
e* fe G o r  e* £  G ?
In  l e s s  a b s tr a c t  term s, we know th a t  B lo g g s  (e *)  was a member o f  th e  human ra ce  ( U ) , but we do n o t know whether he was one o f  th e  group (G) o f  peop le we c a l l  psych op ath s, or th e much la r g e r  group (5) o f  people who are not p sych o p ath s. G iven  th e e x is t in g  ( n i l )  in fo rm a tio n  we cannot sa y ; but B lo g gs i s  more l i k e l y  to  be a member o f  5 (non-psychopaths) than G (p sy ch o p a th s), because th e re  are more people in  5 than th ere  are in  G , Suppose th a t B lo g g s  was a  pseudonym fo r  A H i t le r  : does t h is  change our assessm ent ? I t  d o e s , because we are not in  p o ssessio n  o f  no knowledge and most people w i l l  th in k  t h a t ,  g iven  h is  rep orted  b e h a vio u r, he i s  more l i k e l y  to  be a member o f  G . (V/e could  be wrong, even s o ) .
T h is  i s  the same o ld  problem , touched on in  Chapter I  s
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i f  i t  has ra in e d  i t  i s  im m aterial to  the r a in  th a t  day th a t  somebody s a id  i t  was to  be sunny a l l  day; i f  we have a psychopath i t  i s  im m aterial to  t h is  o b se rv a tio n  th a t  th ere  are more non-psychopaths than th e re  are psychopaths ( though we might ask why th ere  are on ly  a few p sych o p ath s)•
L e t ,  th e n , each in d iv id u a l be d is tin g u is h e d  by as e t o f  c h a r a c t e r is t ic s  c^»c2* ••• cm » s^ovm *>ye(c) ( i e  th e in d iv id u a l e has th e s e t  o f  c h a r a c t e r is t ic sc ) .  F u rth e r l e t  th ere  be two s e t s  o f  c h a r a c t e r is t ic sfo r  every in d iv id u a l in  G , ie  c^ and cQ ; and twos e ts  fo r  an in d iv id u a l in  G , ie  c^ and c g .  Morec o n c r e te ly , cy i s  th e  s e t  o f  c h a r a c t e r is t ic s  th a tevery in d iv id u a l has in d is c r im in a t e ly , th e elem entso f  which are not r e la te d  to  a  person b e in g  apsychopath o r n o t , (e g  h a ir  c o lo u r ) . cQ i s  th es e t  o f  c h a r a c t e r is t ic s , th e  elem ents o f  which area s s o c ia te d  w ith  a person b ein g  a psychopath , andCG i s  the complement o f  th e s e .
To show t h is  s y m b o lic a lly , G i s  th ose in d iv id u a ls  v/ho have a  s e t  o f  c h a r a c t e r is t ic s  c „  and c„U u
2 .1 . if
^ | s( c)  .  C — Cy | Cq j  . . . . . . .  *C2.1 .if)
That i s ,  G i s  th e  s e t  o f  in d iv id u a ls  whose c h a r a c t e r is t ic s  are Cy and cQ (and not Cy and c g ) .  T h is  le a d s  to th e q u estio n  o f  the am biguity o f  the elem ents o f  Cq -  to  what e x te n t does t h is  s e t  c l e a r l y  d e fin e  membership o f  G ? T h is  q u estio n  re-a p p e ars  in  many g u is e s .
2.1 .5
2 .1 .1  P r e d ic t in g  Group Membership
One o f  th e ways in  which th e term 'p r o b a b i l i t y '  i s  understood may be c a lle d  the 'p r o p e n s ity ' in te r p r e ta t io n  -  th e  ^degree o f  r a t io n a l  b e lie f*  ( Keynes) .  That i s  (g iv e n  a lo n g  d ia t r ib e  at a con feren ce from a person who accu ses th e g iv e r  o f  a paper o f  not b e in g  aware o f  her own au sp ices) : "He#$  probably an ethno . . . " .G iven  a com posite o f  in fo rm a tio n  about a th in g , ( where the th in g  can be a p erson , group, t e c .)  and a range o f  e x c lu s iv e  groups o f  which the th in g  cou ld  be a member, then s o f  which o f  th ese  groups i s  th e th in g  most l i k e l y  to be a member ? O f course i f  we know o f  which group the the th in g  i s  a member then we need not guess o f  which group th e th in g  i s  a member.(The d e liv e r e r  o f  the d ia t r ib e  might not be an • e th n o ', he m ight be a well-known com edian). T h is  'com posite o f  in fo rm a tio n ' i s  th e s e t o f  c h a r a c t e r is t ic s  (c )  which we s p l i t  in to  : th ose c h a r a c t e r is t ic s  which convey no in fo rm a tio n  about th e r e la t iv e  p r o p e n s it ie s  o f  the t h in g 's  membership o f  the v a rio u s  groups ( ie  c^) and th ose c h a r a c t e r is t ic s  which provide in form atio n
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on th e r e l a t iv e  p r o p e n s it ie s  (e g  and c g ) .  As I  noted above ( and t h is  i s  r e f le c t e d  in  th e  p ro p e n sity  in te r p r e t a t io n  o f  p r o b a b ility )  to what e x te n t does a s e t  o f  c h a r a c t e r is t ic s  c l e a r l y  d e fin e  group membership, i s  a moot p o in t*  I f  a s e t  o f  c h a r a c t e r is t ic s  do not d is t in g u is h  c le a r ly  between membership o f  th e grou p s, we s h a l l  b egin  to b e lie v e  th a t  th ese c h a r a c t e r is t ic s  are not r e a l l y  re le v a n t to  whether a  th in g  i s  in  t h is  group or t h a t .
I f  we d ecid e th a t th e 't h in g ' i n  which we are in te r e s te d  i s  a s o c ia l  in d iv id u a l ( i e  a p e rso n ), ap art from th e  in h e ren t cussedness o f  p e o p le , th ere  i s  the seem ing randomness which a r is e s  because most c h a r a c t e r is t ic s  p e r ta in in g  to s o c ia l  in d iv id u a ls  are v a r ia t e s .  A v a r ia t e  has d i f f e r i n g  v a lu e s  and some v a lu e s  are more l i k e l y  to  occu r than o th e rs  ( fre q u e n tly  th ey are termed v a r ia b le s  -  but v a ria te , emphasizes the d is t r ib u t io n a l  a s p e c t) . I n t e l l ig e n c e  i s  an example o f  a  v a r »ufce. i p e r ta in in g  to  people -  i t  i s  a  v a r ia t e  because i t  can take d if fe r e n t  v a lu e s  (some people a re / c le v e r  than o th e r s ) , and th e fre q u e n cie s  w ith
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which i t  ta k e s  th ese v a lu e s  fo llo w  a  normald is t r ib u t io n  over th e p o p u la tio n  as a w hole. L e tG be th e sub-group o f  people we term le c t u r e r s  : i ti s  well-known (? )  th a t  th e d is t r ib u t io n  o f  i n t e l l ig e n c efo r  le c t u r e r s  i s  such th a t th e re  are are relativelfcymore people o f  h igh  i n t e l l i g e n c e ,  than th e re  are inth e r e s t  o t  th e p o p u latio n  ( i e  sub-group 3 ) .  Thus,a person o f  h igh  in t e l l ig e n c e  i s  more l i k e l y  to  bea le c t u r e r  -  o r  i s  he/she ? I f  you th in k  o f  th ep ro p o rtio n  o f  le c tu r e r s  in  the p o p u la tio n , i t  i svery  sm all : th e re  are s u f f i c i e n t  h ig h ly  i n t e l l i g e n tn o n -le c tu re rs  fo r  th ere  to be more o f  them thanh ig h ly  i n t e l l i g e n t  le c t u r e r e s . P r io r  knowledge o fth e odds 'number o f  le c t u r e r s ' d iv id e d  by 'number
ro f  n o n -le c tu r e s ' inform s our guess about whether a  person i s  l i k e l y  to be a  le c t u r e r  ; i n  co n ju n ctio n  w ith  knowledge o f  the r e la t iv e  lik e lih o o d  o f  a person o f  th a t  in t e l l ig e n c e  being in  th e  group o f  le c t u r e r s  o r  in  th e group o f  n o n -le c tu r e r s . What has ju s t  been d iscu sse d  forms the s u b je c t o f  Bayes* Theorem.
L e t us suppose th a t somebody has found th e in t e l l ig e n c e  o f  a l l  the le c t u r e r s , and the d is t r ib u t io n  o f
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F ig u re  2 .1 .1  The d is t r ib u t io n  o f  in t e l l ig e n c e  o f  L e c tu re rs
in t e l l ig e n c e  i s  as shown i n  F ig u re  2 .1 .1 .  an F ig u re2 .1 .1  ,  I  g  shows the average in t e l l ig e n c e  o f  th e p o p u la t io n -a t- la r g e  and I Q shows th e average in t e l l ig e n c e  o f  le c t u r e r s . Two comments : (1) The average in t e l l ig e n c e  o f  the group o f  n o n -le c tu r e r s  w i l l  be alm ost id e n t ic a l  to th e average in t e l l ig e n c e  o f  th e p o p u la t io n -a t- la r g e ; (2) I  have not d efin ed  th e nature o f  the * a v e r a g e i t  could  ( eg) be a median o r a mean. The shape o f  th e d is t r ib u t io n  o f  in t e l l ig e n c e  fo r  the p o p u la t io n -a t- la r g e  i s  'n o r m a l', i e  i t  fo llo w s  the same shape as the sam pling d is t r ib u t io n  o f  the s t a t i s t i c  as shown in  F ig u re  1 .2 .1 ,  and i s  shown in
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F ig u re  2 .1 .2  The d is t r ib u t io n  o f  in t e l l ig e n c e  o f  th e G en eral P o p u la tio n
F ig u re  2 .1 .2  • I t  i s  c le a r  t h a t ,  as p o rtra y e d , th e two d is t r ib u t io n s  o f  in t e l l ig e n c e  are o f  d i f fe r e n t  form s.
' Sm o o th in g '-o u t th e curves o f  F ig u r e s  2 .1 .1  and 2 .1 .2 ,  allow s us to  s u b s t itu te  the 'Frequency* o f  th e v e r t i c a l  a x is  w ith  th e 'P r o b a b il i t y  D e n s it y ';  th e p r o b a b ilit y  d e n s ity  o f  an in d iv id u a l coming from the group o f  le c t u r e r s  w ith an in t e l l ig e n c e  o f  I  w i l l  be shown by
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f g ( I ‘ ^q ) . . . . . . ( 2 .1 .5 a )
S im i la r ly ,  fo r  th e group o f  n o n -le c tu r e r s  the p r o b a b il it y  d e n s ity  correspond ing to an in t e l l ig e n c e  I  i s ifg( I .  Ig ) • » • • • • (2 .1 .5 b )
(The s u b s c r ip ts  to th e  1 f * s  are to emphasize th a t  th e shapes o f  th e d is t r ib u t io n  o f  in t e l l ig e n c e  d i f f e r  in  th e two g ro u p s). The lik e lih o o d s  o f  a person coining from th ese  two groups ,  when h is  in t e l l ig e n c e  i s  I ,  have th e same v a lu e  as the ap p ro p riate  d e n s it ie s( w ithout sh a rin g  the same o n to lo g ic a l  s t a t u s ) ,  th d ti s  :
L ( I q : I ) * • t * * * t * ( 2 « l«  6 a)L( I g ! l ) -  ¥ l ! l G> • • • • • • • (2 *1 *6b)
The r e la t iv e  lik e lih o o d  -  R -  o f  a  person coming from th ese two grou p s, g iv en  th a t  h is  in t e l l ig e n c e  i s  I ,  i s  ( i n  the absence, o f  any o th e r  in form atio n ) :
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L( I g ; I) . . . . . . . « ( 2 . 1 . 7 )
(This r e la t iv e  l ik e lih o o d  i s  o ft e n  c a l le d  th e l ik e lih o o d  r a t io  -  som etim es, l e s s  e x a c t ly , the odds -  but I  w i l l  co n tin u e to  r e f e r  to  th e r e la t iv e  l ik e l ih o o d .)
The r e la t iv e  l ik e lih o o d  has been in te rp re te d  as the odds th a t e it h e r  o f  two exh au stive  p ro p o stio n s are tru e  ( the two p ro p o s itio n s  are : 't h e  person i s  a le c tu r e r *  and 't h e  person i s  not a l e c t u r e r ' ) ,  but in  c a lc u la t in g  R in  ( 2 .1 .7 )  we are o n ly  e x p l i c i t l y  concerned w ith th e r e la t iv e  l ik e lih o o d  o f  two param eters o f  tw* d if fe r e n t  d is t r ib u t io n s  -  g iven  an observed v a lu e  I .( T h e  v a lu e  I  can be regarded as a  s t a t i s t i c  c a lc u la te d  by exan^Lr.g one person o n ly ) . T h is should be remembered fo r  l a t e r ;  b e cau se , though we might seem to  be c a lc u la t in g  th e r e la t iv e  l ik e lih o o d  o f  p r o p o s itio n s , we are gauging th e the r e l a t iv e  l ik e lih o o d  o f  param eters ( in  t h is  case 1^ and Ig ) g iv en  th e observed v a lu e  o f  a s t a t i s t i c .
2.1.12
Suppose th a t  we d id  not know a p e rso n 's  I n t e l l i g e n c e , and a lso  we d id  not know o f  which group he was a member. I n t u i t i v e l y ,  I  an s u r e , most peop le would agree t h a t ,  i f  you choose a person at random, the person chosen would b e , b y -a n d -la r g e , a  n o n -le c tu r e r . How can we tu rn  t h is  'common-sense' in to  som ething we can use ? ( F o r g e tt in g  q u ic k ly  th e s c e p t ic s  who -  though th ey s o lv e  them c o n tin u a lly  in  t h e ir  every­day e x is te n c e  -would not admit such problems j b ecau se , th ey  a rg u e , i t  r a in s  or i t  d o e s n 't r a in  and he/she i s  a  le c t u r e r  or he/she i s  not a  le c t u r e r ) .  The approach I  s e t  out below i s  d ir e c te d  towards common- sense and i t s  su ccess  o r not depends upon whether i t  seems reason ab le to th e read er -  a m athem atical p ro o f which does not make sense to the resou rce we c a l l  common-sense^even though i t  i s  an ex act and c o r r e c t p ro o J^ is  a u to m a tic a lly  s u s p e c t . The common-sense e v a lu a tio n  should be a p p lie d  to th e re a so n in g , because o b v io u sly  common-sense i s  not always ready to e v a lu a te  th e r e s u lt  w ithout th e reasons fo r  the r e s u l t .  N on-E uclidean Geom etries g iv e  r e s u lt s  w ith do not seem to match common-sense, but the reaso n in g  behind them i s  em inently in  l i n e
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w ith common-sense. Some o f  Bertrand R u s s e l l 'sp y ro te ch n ics  con cern in g th e n o n -e x iste n ce  o f  Napoleon can be b e s t  seen in  t h is  l i g h t  -  thenotrea so n in g  does/even make se n se , (s e e  V e a tc h , 
197^ :1^ -20) .'
I f  a person has an in t e l l ig e n c e  I  th e p r o b a b il it y  ;
le c t u r e r s  than le c t u r e r s , we should perhaps bein te r e s te d  in  num erical d e n s it ie s .  Num erical D e n s it ie s(my term) are s t i l l  m athem atical a b s tr a c tio n s  butth ey  are s c a le d  to be in  u n it s  o f  p e o p le , th a t  i sth e num erical d e n s ity  i s  th e p r o b a b il it y  d e n s itym u lt ip lie d  by th e number o f  in d iv id u a ls  in  the groups( i e  N_ and Nr ) .  I f  we did not know the v a lu e  o f  G  <;I ,  we would have to co n sid e r a l l  p o s s ib le  v a lu e s  o f  I  : Summing a l l  the in d iv id u a l num erical d e n s it ie s( u s u a lly  by in te g r a tio n )  g iv e s  an id e a  o f  how
\l i k e l y  a  person o f  any in t e l l ig e n c e  i s  to  be in  th a t  group. I f  vie show th e summed num erical d e n s ity  fo r  group G as S ( * : I Q) ,  and fo r  group G as S ( * : I g )-  where th e * shows th a t  a l l  v a lu e s  have been taken
d e n s it ie s  are as ( 2 .1 .5 ) >  b u t, as th ere  are more non­
in to  account -  then m ath em atically
2 .1 .Ü +
and i t  seems reaso n ab le  th a t  :
S ( * : I G) = nq and S ( * : I g ) = Ng
L e t th e  t o t a l  number = NG + Ng and d e fin e
s ( * : I G) *  s ( * : I Q) /  s ( * j l g ) = s ( * s l g ) /  Nu
These stan d a rd ized  summed num erical d e n s it ie s  can be th em selves in v e rte d  to  p rovid e th e v a lu e s  o f  l ik e lih o o d s  o f  b e in g  a member o f  the two groups ( in  th e  absence o f  any in fo rm a tio n ) . These l ik e lih o o d s  are n u m e rica lly  equal to th e p ro p o rtio n s  (p r(G ) and p r(5 )) o f  personé in  th e tv/o grou p s, and are shown as P ( I G: #) and P ( I g j * ) ;  th a t  i s ,
P ( I G :* )  = s ( * : I G) = pr(G) . . . . . . ( 2 . 1 . 8 a )P ( I g j* )  = s ( * : I g ) = pr(G) .................( 2 .1 .8 b )
That th ere  i s  no e q u iv a le n t to  th e :*  fo r  the o rd te ry
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wep ro p o rtio n  and/use th e group name ( e g  pr(G) ) lo s e s  th e emphasis, th a t  i s  in  th e  l ik e lih o o d  P ( I G : * ) ,  on th e param eter in  th e  absence o f  any in fo rm a tio n  on th e in t e l l ig e n c e  o f  in d iv id u a ls .' The r e la t iv e  l ik e lih o o d  o f  a  person b e in g  a le c t u r e r  to th e person b e in g  a n o n -le c tu r e r  ( i e  R) i s  n u m e rica lly  equal to a l l  o f  the fo llo w in g  -
P t 'lg l* ) pr(G) ; 2pr(G) "  ng ■ • * . .« ( 2 . 1 . 9)
Combining the in fo rm a tio n  in  ( 2 .1 .7 )  w ith th e p r io r  odds ( p r io r  = b e fo re  we know any th in g  e lsq , such as a  p e rso n 's  i n t e l l i g e n c e ) ,  t h is  g iv e s  th e  r e l a t iv e  l ik e lih o o d  o f  a  person o f  in t e l l ig e n c e  I  b e in g  a le c t u r e r  to b e in g  a n o n -le c tu r e r  (g iv e n  the d i f f e r e n t  lik e lih o o d s  o f  people in  g en era l b ein g  le c tu r e r s )  :
L ( I g j I)  P ( I ß :* )
L(IgsI) PUg:*)
. . . . . . . ( 2 . 1 . 1 0 )
Now we w i l l  suppose th a t  we cannot f in d  th e  v a lu e s  I Q and lg  , but th a t we are ab le  to f in d  what P roportion
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o f  le c t u r e r s  and n o n -le c tu r e r s  f a l l  in to  th e  in t e l l ig e n c e  ca te g o ry  rep resen ted  by I  ( I  i s  no lo n g e r  a  s in g le  v a lu e ) . T h is  can be shown as p r ( I ;G )  and p r ( I :G ) ,  and th e r e la t iv e  l ik e lih o o d  o f  a person in  in t e l l ig e n c e  c a t e g o r y .I  b ein g  in  group G o f  group G i s  shown as
p r ( G :I)  pr( I jG )  pr(G)R = -----------  = ------------ x ------ -  . . . U . l . l l )
pr(S:I) pr(IsG) pr(G)
The term p r ( G :I)  i s  c a l le d  th e l ik e lih o o d  o f  th e p ro p o rtio n  th a t  th e  person i s  a  member o f  group G .R eading from l e f t  to r ig h t  in  ( 2 .1 .1 1 ) , th e  r e l a t i v e  l ik e lih b o d  i s  eq u al to  th e p o s te r io r  odds ( o f  the person b e in g  a member o f  groups G o r  5) ,  which i s  equal to th e  l ik e lih o o d  r a t io  m u ltip lie d  by th e  p r io r  odd3 ( o f  th e person b ein g  a member o f  groups G o r  5). T h is  i s  one fo rm u latio n  o f  Bayes* Theorem.( I f  e x t r a , indep endent, in fo rm a tio n  i s  ob tain ed  i t  i s  p o s s ib le  to use th e p o s te r io r  odds from one c a lc u la t io n  as p r io r  odds in  another c a lc u la t io n ) •
As a  fo o tn o te  to t h i s  s u b -s e c t io n , suppose th a t  th e d if fe r e n c e  between I Q and Ig  were s m a ll. The co n clu sio n
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would not be th a t  le c t u r e r s  and n o n -le c tu r e r s  came from th e same p o p u la tio n  -  th ey must in  any c a s e , because th e y  are both sub-groups o f  U . R ather th e co n c lu sio n  would be th a t  th e  two groups d if fe r e d  but s l i g h t l y  in  average i n t e l l i g e n c e .  A f u r t h e r , p ra g m a tic , co n clu sio n  would be th a t in t e l l ig e n c e  ( o r  la c k  o f  i t )  had l i t t l e  to do w ith a person b e in g  a le c t u r e r i
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2 .1 .2  Bandoni Sam pling and E xperim ental D esign
Ia n  Hacking( 1965:118) p o in ts  out th a t  ' . . .  Many persons ta k e  in fe r e n c e  fromsample to p o p u la tio n  as th e  v e ry  type o f  a l l  rea so n in g  in  s t a t i s t i c s  . . . *  and t h is  s u b -s e c tio n  ta k e s  many o f  i t s  c r i t i c a l  id e a s  from h is  ch ap ter on 'Bandom Sam pling' (H a c k in g ,1965 :C h  V I I I ) .  I  w i l l  f i r s t  co n sid e r  th e r e la t io n s h ip  between p o p u la tio n  and sample in  terms o f  my p reced in g  n o ta t io n . The group U I  w i l l  now c la s s  as th e p o p u la tio n ; th a t  i s ,  i t  i s  th e  t o t a l i t y  o f  in d iv id u a ls  about whom I  w ish to make statem ents and check p r e d ic tio n s  «■  th e param eter i s  c a lc u la te d  on the p o p u latio n  o f  in d iv id u a ls . The group 5 I  w i l l  c la s s  as th e  sam ple; th a t  i s ,  i t  i s  the t o t a l i t y  o f  in d iv id u a ls  who have been stu d ie d  -  a  s t a t i s t i c  i s  c a lc u la te d  on th e sample o f  in d iv id u a ls . The group 5 are those. ~ in  th e p o p u la tio n  who are not sampled -  G i s  a  p e r fe c t ly  r e p r e s e n ta tiv e  sample o f  U i f  th ere  are no c h a r a c t e r is t ic s  c Q and Cg which d i f f e r e n t ia t e  G from S .  From a  s l i g h t l y  d i f fe r e n t  a n g le , G i s  a  re p re s e n ta tiv e  sample o f  th e
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p o p u la tio n  U i f  we are unable to  d ecid e upon a  P erso n ’ smembership o f  G o r 8 ( in  c o n tr a s t to  th e  way in  Whichwe were a b le  to  d ecid e i f  somebody were a  le c t u r e riso r  a  n o n -le c tu r e r  )•  In  random sam pling it |[o fte n  im p lie d  th a t  a  random sample i s  re p r e s e n ta tiv e  -  a random sample i s  not n e c e s s a r ily  r e p r e s e n ta t iv e .
A (n e a r ly )  c l a s s i c a l  d e f in it io n  i s  By a  random sample» we mean a sample which has been s e le c te d  in  such a  manner th a t  every p o s s ib le  sample has a  c a lc u la b le  chance o f  s e le c t io n  . . . '  (K e n d a ll and S t u a r t ,1969*2 0 6 ), and K e n d a ll and S tu a r t  then make two comments upon t h e ir  d e f i n i t i o n . O n e, ’ c a lc u la b le *  means 1 ab le  to  be c a lc u la te d  i n  p r in c ip le » }  and, tw o, net every sample need have an equal chance o f  s e le c t io n . I  would make a  fu r th e r  comment i not every randomly- chosen w i l l  be r e p r e s e n ta t iv e , and s u r e ly  we need samples s e le c te d  in  such a manner th a t  every p o s s ib le  re p r e s e n ta tiv e  sample has a  c a lc u la b le  chance o f  s e le c t io n  ? The d i f f i c u l t y  w ith  t h i s  id e a  o f  re p re se n ta tiv e n e s s  l i e s  i n  th e s im p le s t (and most fr e q u e n tly  d iscu ssed ) case o f  sam p lin g , (and i t  l i e s  i n  th e  most com plex). The s im p le st case to  which I
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re fe re d  I s  th a t  o f  th e  hag o f  h a l l s ,  some red some b la c k , where th e co n te n ts  o f  th e  bag are th e  p o p u la tio n . ( I  sometimes f e e l  th a t  I t  would be more I n  k eep in g  w ith  contemporary ethos fo r  th e  bag to  be a  commune and th e  red and b la c k  b a l l s ,  m ales and fem ales -  perhaps t h i s  would have a  g r e a te r  i n t u i t i v e  appeal ?)A c e r t a in  number o f  b a l l s  are e x tr a c te d  fr o r  th e  bag -  t h i s  i s  th e i d e a l - t y p i c a l  random sam ple, i s  i t  a ls o  a  re p r e s e n ta tiv e  sample ? Though th e sample i s  made up o f  raund b a l l s  ( j u s t  l i k e  th e p o p u la tio n ) ,  th e  o n ly  tim e i t  i s  t r u ly  r e p r e s e n ta tiv e  i s  when th e p ro p o rtio n  o f  red  b a l l s  i n  th e  sample i s  th e  same as th e p ro p o rtio n  o f  Ted b a l l s  in  the p o p u la tio n .H e re , th e n , i s  the problem : we can o n ly  have a r e p r e s e n ta tiv e  sample i f  th e  s t a t i s t i c  has th e same v a lu e  as th e  p aram eter, bu t th e  reason we c a lc u la t eith e s t a t i s t i c s  v a lu e  i s  th a t  we do n ot know th e  v a lu e  o f  th e  param eter. For th e  sample o f  b a l l s  we have a  c h a r a c t e r is t ic  (b e in g  a  b a l l)  about which we are su re  o f  th e  sam p le 's  re p re se n ta tiv e n e s s  t we a ls o  have a c h a r a c t e r is t ic  (co lo u r) about which we have no in fo rm a tio n  con cern in g rep resen tativen ess. The
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sampling d is t r ib u t io n  o f  a  s t a t i s t i c  can be seen as an e x e m p lif ic a t io n  o f  th e  in h e re n t degrees o f  re p re se n ta tiv e n e s s  o f  one c h a r a c t e r is t ic  o v e r  a  s e t  o f  sam ples re p r e s e n ta tiv e  i n  a l l  o th e r  re s p e c ts *A lw a y s ,th e r e fo r e , th e  u su a l way o f  c a lc u la t in g  th e v a r ia t io n  i n  s t a t i s t i c s  (from  th e  sam pling d is tr ib u t io n )  i s  always on th e  c o n se rv a tiv e  s id e ,  because re p re se n ta tiv e n e s s  i s  assumed i n  a l l  o th e r  r e s p e c ts .
As an example o f  t h i s  l a t t e r  p o in t , co n sid e r th estandard e r r o r  o f  th e  mean. In  th e o ry  th e  v a r ia n c eo f  th e  sam pling d is t r ib u t io n  o f  th e  mean ( a  s t a t i s t i c ) ,i s  equal to  th e  tru e  v a r ia n c e  o f  th e  v a r ia t e  i n  th ep o p u la tio n  d iv id e d  by th e  s iz e  o f  th e samples ta k e n .T h is  i s  an e x a ct m athem atical s t a t i s t i c a l  p r o o f, hutwhat happens in  e m p iric a l ca se s  i s  th a t  we do n o t fcjiO*Vth e tru e  v a lu e  o f  th e p o p u la tio n  v a ria n ce  -  i t  i s  aparam eter which we have to  estim ate by th e sample'sv a r ia n c e . What then  happens i s  th a t , in s te a d  o f  th etru e  v a lu e  o f  th e  p o p u la tio n  varian ce/ we ta k e  th esample v a r ia n c e  and d iv id e  th a t  by th e sample s i z e .Any d edu ction s we mak& on th e b a s is  o f  t h is  sam plingw ithvarian ce/ are about a  p o p u la tio n  /  i a  v a r ia n c e  equal to
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th a t  o f  th e sample* The sample v a r ia n c e  I s  I t s e l f  a  s t a t i s t i c »  where th e  ap p ro p ria te  param eter I s  the p o p u la tio n  v a r ia n c e , and so i s  I t s e l f  s u b je c t  to sam pling erro r* O b v io u s ly , th e n , our e stim a te  o f  th e  v a r ia n c e  o f  th e sam pling d is t r ib u t io n  o f  th e mean w i l l  be a  »m iddle' f ig u r e  and i t  q u ite  p o s s ib ly  un d erestim ates th e  tru e  v a r ia n c e  o f  th e  sam pling d is t r ib u t io n  o f  the mean*
R e p re se n ta tiv e n e ss , l i k e  most s t a t i s t i c a l  c o n c e p ts , i s  r e la t iv e  and r e la t io n a l  -  i t  should be rep re se rtta iv e -in - a s p e c t s - r e le v a n t - t o - t h e - e s t im a t io n - o f« t h e - s t a t is t ic s -u n d e r-c o n s id e ra tio n . Suppose, fo r  exam ple, th a t  we have a  c le a r ly  d e fin e d  p o p u la tio n  ' A l l  th e  f i t t e r s  i n  Shop B ' ,  and our in t e r e s t  i s  in  average income from o u ts id e  sources* We take a sample o f  f i t t e r s  and c a lc u la t e  t h e ir  average income (w hich i s  the s t a t i s t i c ) ;  we then n o tic e  th a t a l l  o f  our sample have th e fore-nam e 'G e o r g e ', and nobody e ls e  in  th e  shop i s  c a l le d  'G e o rg e * . Does t h i s  mean th a t  we have a  sample which i s  u n re p re se n ta tiv e  in  any asp ect r e le v a n t to  a p e rso n 's  income ? ( I f  a l l  t h e ir  surnames
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were Cohen, i t  might ) .  Probably i t  is  not unrepresentative 
in  th is sense, and the question might be answered 
empirically (using information from other studies) 
and/or theoretically ( 'George* is  not associated with 
any type or class in society, whereas 'Cohen* is)*Sometimes th e re  i s  no such th in g  as an u n re p re se n ta tiv e  sam ple; th e re  i s  an example i n  A lla n  (197**) where I  p o in t out th at; i f  c l a s s  and in t e l l ig e n c e  have d i s t i n c t  and independent e f f e c t s  in  th e p o p u la tio n , th e  e f f e c t s  should be d i s t i n c t  whatever sample i s  u sed .
An a s s o c ia te d  problem i s  th a t  o f  experim ental d e s ig n . Edwards (1972:203-206) d is c u s s e s  two typ es o f  advantage supposedly r e s u lt in g  from random ization: the f i r s t  i s  th a t  advantage which r e s u lt s  from a d esig n  which most probably e x h ib its  v ery  l i t t l e  r e g u la r it y  w ith re s p e ct to both foreseen and unforeseen f a c t o r s ;  th e  second advantage r e s id e s  in  th e  a c tu a l f a c t  o f  ran d o m izatio n , i e  i t  has the appearance o f ' o b j e c t i v i t y ' • The f i r s t  advantage i s  p o s s ib ly  » u l l i f i e d  i f  we have chosen a  d e sig n  a t random, end, as fr e q u e n tly  happens, i t  tu rn s out to  be r e g u la r
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i n  some u n d e sira b le  way ~ fo r  r e a l l y  we should throw i t  o u t , though some would say  th a t  i t  should  he kep t w arts and a l l . '  By tr y in g  a g a in , we have l o s t  th e c la im  to  o b j e c t i v i t y ;  as Edwards (1972*20^) comments,’ . . .  i f  we were v e ry  p e r c ip ie n t  we would be a b le  to  choose a  s u it a b le  d e sig n  w ithout £  random ization^} and H acking (1966:Ch V I I I )  shows th a t  a t r u ly  random sequence (and therefor^-design) i s  v e ry  d i f f i c u l t  to  co n stru cts  Another f a c e t  o f  experim ental d e sig n  i s  th a t  in  an o rd in a ry  sample we do not do anything to th e sam ple, ap art from s e le c t  and observe* in  an experim ent we do som ething to  one o r  more o f  th e  in d iv id u a l sam ples -  eg  spray w ith  f e r t i l i z e r ,  or in c re a s e  th e  tem perature in  a  w o rk -p lace . T h is  d is t in c t io n  i s  r e f le c t e d  i n  th e  term inology o f  th e a n a ly s is  o f  v a r ia n c e : i n  an experim ental s e t —u p , we have ANOVA o f  th e  f i r s t  k in d ;an d  in  an o rd in ary  sample we have ANOVA o f  th e  second k in d . In  an experim ent th e  independent v a r ia b le s  are v a r ia b le s ,  fo r  we choose th e  v a lu e s  th ey  ta k e  as p a r t  o f  th e experim ent; in  an o rd in a ry  sample th e independent v a r ia b le s  are v a r ia t e s  fo r  we cannot choose th e v a lu e s  and th e  v a lu e s  fo llo w  a  d is t r ib u t io n . ( F a i r ly  fre q u e n tly
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we meet a  com bination o f  both  ty p es o f  independent v a r ia b le s ) . E stim a te s  o f  th e v a r ia n c e s  - o f  sam pling d is t r ib u t io n s  o f  s t a t i s t i c s  axe more a ccu ra te  in  th e case  o f  t r u ly  random experim ents^
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2 .2  F r e q u e n tis t  Approaches to  In fe re n c e
1 use th e  term 'F r e q u e n tis t ' to  d e s c rib e  approaches to  s t a t i s t i c a l  in fe r e n c e  which o n ly  co n sid e r  th e  sam pling d is t r ib u t io n  o f  a s t a t i s t i c ,  and 'a r e a s ' under th e  c u r v e . That i s ,  in s te a d  o f  lo o k in g  a t th e  p r o b a b il it y  d e n s ity  fo r  a  c e r t a in  v a lu e  o f  th e s t a t i s t i c  we lo o k  a t th e  p r o b a b il it y  in t e g r a l  correspond ing to  th a t  c e r t a in  v a lu e  — th e p r o b a b il it y  in t e g r a l  g iv e s  th e ( a b s tr a c t)  p ro p o rtio n  o f  ca se s  whose valu e  i s  l e s s  o r  eq ual to  t h i s  c e r t a in  v a lu e  o f  the s t a t i s t i c .  The p r o b a b il it y  in t e g r a l  i s  an a b s tr a c t  m athem atical analogue o f  th e cum ulative p ro p o rtio n , and th e  in t e g r a l  d is t r ib u t io n  i s  th e  analogue o f  th e  cum ulative d is t r ib u t io n  ( o r  o g iv e ) . My a t t it u d e  towards t h i s  analogy i s  th a t  th e  cum ulative p ro p o rtio n  in  an 'a b s t r a c t '  o b servab le  ( a  com bination o f  o b servab le  q u a n tit ie s  to  form som ething th a t  i s  not s e l f -  e v id e n tly  th e re  -  q u e stio n s o f  'o b s e r v a b il i t y '  r a is e  t h e ir  head a t t h i s  s t a g e ) ,t h is  a b s tr a c t  o b servab le  i s  an attem pt to  g e t near — measure ? — th e 't r u e ' p r o b a b ilit y  i n t e g r a l .  The whole shape ( o r  m athem atical form) o f  th e  in t e g r a l  d is t r ib u t io n  can be regarded
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as a  param eter (perhaps m any-dim ensional) and so th e  c a lc u la te d  cu m u lative d is t r ib u t io n  i s ,  in  i t s e l f ,  a  s t a t i s t i c  o f  th e  p o p u la tio n  d is t r ib u t io n .
The fr e q u e n tis t  approaches are many bu t can be reduced to  two main c la s s e s  -  h y p o th e sis  t e s t in g  and co n fid e n ce  in t e r v a ls  -  b u t b o th  c la s s e s  ere in tim a te ly  r e la t e d , end show t h e ir  in h e ren t r e la te d n e s s  most c le a r ly  in  th e  ca se  o f  th e  normal d is t r ib u t io n  o f  a  s t a t i s t i c .
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2 .2 .1  The Normal Sam pling D is t r ib u t io n  o f  a S t a t i s t i c
The normal d is t r ib u t io n  o f  a  s t a t i s t i c }  s ,  g iv e n  a2param eter o f  v a lu e  p and a  sam pling v a r ia n c e  o f  d ,  i s  d e scrib e d  by th e  p r o b a b il it y  d e n s ity
f ( s :p )  = (2dir)“ *  exp [  ( ,S ^ ’ *  ) J  ( 2 .2 ; i )
The s iz e  o f  th e  standard d e v ia tio n  o f  th e sam pling d is t ib u t io n  o f  a  s t a t i s t i c  ( i e  d) i s  th e standard e rro r  ( o f  e s tim a te ) , and i s  u s u a lly  unknown -  i t  has to  be estim ated from th e sample which has p rovided th e estim ate  o f  th e  o r ig in a l  s t a t i s t i c  ( i e  s ) .
The lik e lih o o d s  o f  th ere  b e in g  a param eter o f  v a lu e  p.  ^ and p2 ,  g iv e n  a  s t a t i s t i c  o f  v a lu e  s ,  are (where k  i s  a  con stan t) :
L(p1 :s ) = k  exp
= k  exp
c - .  ^ ) ‘]
. . .  « ( 2 .2 .2 a) 
. . . . ( 2 .2 .2 b )U p2*s)
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The l ik e lih o o d  r a t io  ( r e l a t i v e  lik e lih o o d )  o f  th e v a lu e s  p1 and p2 » g iv e n  th e  s t a t i s t i c  o f  v a lu e  s  i s  (from  eq uations ( 2 .2 .2 )  and r e n d e r in g  th e form o f  d iv is io n  o f  powers ) :
^¡2 (<* - Pl)2 - tB - P2>
............. (2 .2 .3 )
K p ^ e )  _  L (p 2 :s )
The lo f f - l ik e l lh o o d - r a t io  i s  d e fin e d  as th e  n a tu r a l lo g a rith m  o f  ( 2 .2 .3 )  and I  w i l l  show i t  by G , so th a t
G ( s  -  P2) • * « . . .( 2 .2 * 4 )
Note th a t  i f  one o f  th e  two v a lu e s  o f  th e param eter ( as p o stu la te d ) i s  eq ual to  s ( e g  s  a p ^ ) , th en
G
(2 ;2 .5 )
M p -^ s )I*(p2 ss) . . « . . . • ( 2 . 2 . 6 )
/
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As d i s  th e  standard d e v ia tio n  o f  a  normal d is tr ib u t io n »and PjL and p2 are p o s tu la te d  means o f  t h i sd is t r ib u t io n , th e  d if fe r e n c e s  s  -  p^ and s  -  p2d dare standard normal d e v ia te s ,  (V a lu e s  fo r  th e p r o b a b iltyd e n s ity  and th e p r o b a b ilty  in t e g r a l  -  o ft e n  c a l le dth e  d is t r ib u t io n  fu n c tio n  -  can be co n su lted  fromt a b le s  o f  the standard normal d e v ia te s ,)  I f  we w rites  s  -  px and z2 = s  -  p2 ,  eq u ation s ( 2 ,2 ,3 )  d dthrough ( 2 ,2 ,6 )  become
I*( P-j^e)I'(P 2 : ®) . .( 2 .2 .7 )
G • • . . * , . • ( 2 .2 .8 )
G . , . . . . . . ( 2 . 2 , 9 )
I^ P -^ s  ss) , . . . . , , ( 2 , 2 . 1 0 )
The p r o b a b il it y  in t e g r a l  fo r  a v a lu e  a*, g iv e n  a param eter o f  v a lu e  p , e t c ,  i s  shown by F (^ :p ) and
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F ig u re  2 .2 .1The Normal Sam pling D is t r ib u t io n  o f  a  S t a t i s t i c
p r o b a b il it yd e n s ityf ( s :p )
The shaded area to the l e f t  o f s* i s  represented 
by F(s*:p)
i s  eq ual to  th e  ( a b s tra c t)  p ro p o rtio n  o f  cases fo r  which v a lu e s  o f  th e s t a t i s t i c  would be l e s s  than o r  equal to  s* -  t h i s  i s  i l l u s t r a t e d  on F ig u re  2 .2 .1 .  These r e s u lt s  w i l l  be u t i l i z e d  i n  what fo llo w s .’
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2 .2 *2  C o n fid en ce In t e r v a ls
The Id e a  behind co n fid e n ce  I n t e r v a ls  I s  n a tu r a l enough; we have a m athem atical a b s tr a c t io n  such as th e  sam pling d is tr ib u t io n «  and I t  can be seen as b e in g  th ecw ip o in t o f  a  lo n g  (perhaps i n f i n i t e )  s e r ie s  o f  rep eated  sam ples o f  th e same s i z e .  Look a t  i t  t h i s  way t i f  we know th a t  th e  tr u e  p o p u la tio n  param eter v a lu e  i s  100; and, f o r  a  sample o f  s iz e  50 , th a t  th e  standard e rro r  i s  10; th e n , fo r  a  la r g e  number o f  rep eated  sam ples o f  s iz e  50 , in  ¿975 o f  th e  th e  rep eated  sam ples th e  v a lu e  o f  th e  s t a t i s t i c  would be l e s s  th an  119*6. But -  stu d e n ts  o ft e n  ask when p resented  w ith  t h i s  in fo rm a tio n  -  what has t h i s  to  do w ith  th e s in g le  (p ro b ab ly  un repeatable) sample ? S tu d en ts are fr e q u e n tly  p e rs p ic a c io u s  fo r  t h is  i s  th e  very  p o in t made by many committed s t a t i s t i c i a n s ;  th ese  s t a t i s t i c i a n s  see  th a t  th e n o tio n  o f  repeated sam pling may have a re le v a n ce  in  acceptance p ro ced u res, but th e y  would argue th a t a  d i f fe r e n t  approach i s  needed fo r  th e  unique sam ple. F is h e r  (1955:69-70) w rite s  :
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*•»»  I  am e a s t in g  no contempt on acceptance p ro ced u res, and I  am th a n k fu l, whenever I  t r a v e l  hy a i r ,  th a t  th e  h ig h  l e v e l  o f  p r e c is io n  and r e l i a b i l i t y  req u ire d  can r e a l l y  be achieved by such means . . .  (p71) where acceptance procedures are a p p ro p ria te , th e sou rce o f  supp ly  has an o b je c t iv e  r e a l i t y ,  and th e p o p u la tio n  o f  l o t s ,  o r  one o r more, which co u ld  be s u c c e s s iv e ly  chosen fo r  exam ination i s  u n iq u e ly  d e fin e d ; whereas i f  we p o sse ss  a  unique sample . . .  on which s ig n if ic a n c e  t e s t s  are to  be perform ed, th ere  i s  always . . .  a  m u lt ip l ic i t y  o f  p o p u la tio n s to each o f  which we can le g it im a t e ly  regard  our sample as b e lo n g in g ; so th a t  th e  phrase "re p ea te d  sam pling from th e same p o p u la tio n " does not enable us to determ ine which p o p u la tio n  i s  to  be used to d efin B  th e  p r o b a b il it y  l e v e l ,  fo r  no one o f  them has o b je c t iv e  r e a l i t y ,  a l l. ib e in g  produ cts o f  th e s t a t i s t i c i a n s  im a g in a tio n  • • • '•I t  i s  o f  n ote th a t th e p opu lar in tr o d u c tio n  o f  Moroney(l951) in  d is c u s s in g  co n fid e n ce in t e r v a ls  and h y p o th e sis  t e s t in g  takes examples e x c lu s iv e ly  from what might be termed acceptance p ro ced u res.
In  a  way th e re  i s  a  l o g i c a l  In v e rs io n  o f  th e  sam pling
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distribution when 'confidence intervals' are set 
up. We move from a situation where we know p and 
d and wish to find the value o f s which sa tis fie s  
F(ssp) = a (the proportion of cases, a, for which 
the value of the s ta tis tic  is  less than a, given 
a parameter p); we move to the situation where we 
know s and d and wish to find the value of p, 
such that F(s:p) = a. Likewise we try to find 
P, so that F(s:p) = b . Letting p& be the value of 
p in the f ir s t  case and p  ^ be the value of p in 
the second case; we say we are ( a — b) confident 
that the true value of p lie s  in the interval 
Pa i  p i  p  ^ . This i s  legitimated by t knowledge 
o f d; and the notion of a long-run of repeated 
samples. The fir s t  is  suspect ( as I  mentioned 
in  section 2.1) on the graunds that we rarely 
know d and have to estimate i t  by d,say; We thus 
restrict our interest to a special population for 
which d a d 1; and (though we might have an original 
population with, as Fisher says, »objective r e a lity ')  
we do not display our confidence in  the original 
population but rather in a population which is  a 
•product of the s ta tis tic ia n 's  imagination', ( ie
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fo r  which d = &  ) .  The le g it im a t io n  by rep eated  samples o b v io u s ly  should have no v i a b i l i t y  i f  we cannot co n ceive  o f  th ere  ever b e in g  any rep eated  sam ples. I t  m ight be argued th a t  th e  rep eated  sam ples are co n cep tu al c o n s t r u c ts , and th u s have re le v a n ce  :I  would m ain tain  th ey  do have re le v a n ce  bu t not in  th e way they have been used in  e s ta b lis h in g  co n fid e n ce  in t e r v a ls  -  th e  reason l i e s  i n  th e d if fe r e n c e  between l ik e lih o o d  and p r o b a b il it y  d en stity .
I  th in k  a v e ry  c le a r  o b je c t io n  l i e s  i n  th e p o in t I  made above^ th a t  *••• There i s  a  l o g i c a l  In v e rs io n  o f  th e sam pling d is t r ib u t io n  when "co n fid e n ce  in t e r v a ls '1 are s e t  up . . . ' ;  f o r ,  whereas th e l ik e lih o o d  i s  th e  in v e r s io n  o f  th e p r o b a b il it y  d e n s it y , we do not c a lc u la t e  th e  l ik e lih o o d  in t e g r a l  as th e  in v e r s io n  o f  th e  p r o b a b il it y  in t e g r a l  i n  co n fid e n ce in tervals -  we use th e p r o b a b il it y  in t e g r a l  as i t  i s .  The d is t r ib u t io n , fo r  which we use l ik e lih o o d  in s te a d  o f  p r o b a b il it y  d e n s ity , was c a l le d  th e f i d u c i a l  d is t r ib u t io n  by F is h e r  ( f i d u c i a l  = shows co n fid e n ce  o r t r u s t ) . The f i d u c i a l  d is t r ib u t io n  i s  a  1 d is t r ib u t io n ' o f  p o s s ib le  v a lu e s  o f  a param eter, g iv e n  an observed
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value o f a s t a t i s t i c .  In  simple cases (such as the  
normal d istrib u tio n ) the fid u c ia l  l im its  are the 
same as confidence in te r v a ls , at the same le v e l  o f  
confidence ( I  might he tempted to argue th at the 
reason th at confidence in te r v a ls  have been f a i r l y  
•successful* -  i f  th at be the word -  i s  because o f  
t h is  e q u a lity  with f id u c ia l  l im it s ) . I  w i l l  discuss  
the f id u c ia l  approach in  greater d e ta il  below, and 
I  must disagree with Moroney* s( 1951s 2itO-2ifl) 
statement th at * . . .  Such discussions £>f the bases 
o f the f id u c ia l  and confidence approaches] are mainly 
matters fo r  the p rofession al s t a t i s t ic ia n  and would 
be out o f  place in  the present introductory sketch  
o f the subject . . . '  : the d iffe re n ce s between the 
two approaches are b asic ph ilosoph ical and s o c io lo g ic a l  
problems. To understand the reasoning behind the 
bases might stop cl aims o f  the form ' . . .  We may 
therefore say th at the population mean JpJ l i e s  in  
the range . . .  if 6.65 ]pa J^ to if7 .3 5  J p ^  » and express 
our confidence in  th is  claim  by saying th at in  a 
lon g se rie s  o f  estim ates o f th is  ty p e , i f  we were 
to use e x a ctly  the same kind o f  argument, we would 
expect to be r ig h t 68% £a -  b = .68^j o f  the time . . « •  
(Moroney,1951:2itl).
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2 .2 .3  H yp oth esis  T e s t in g
We have observed a  s t a t i s t i c  o f  v a lu e  s ,  eg the c o r r e la t io n  between e d u c a tio n a l attainm ent and subsequent o ccu p a tio n a l a tta in m e n t, and th e v a lu e  o f  s  i s  g r e a te r  than z e r o , i e  th e c o r r e la t io n  i s  p o s i t iv e . Perhaps as a  r e s u lt  o f  the in h e ren t con servatism  o f  a  c e r t a in  typ e o f  s t a t i s t i c i a n  (and a  c e r t a in  type o f  q u a n tita t iv e  s o c i o l o g i s t ) ,  a t e s t  i s  made to  see i f  t h i s  c o r r e la t io n  co u ld  have occurred ‘ by chance* -  th a t  i s ,  th e p o p u la tio n  c o r r e la t io n  param eter i s  z e r o . The s t a t i s t i c  could  r o t  have occured by chance fo r  a t le a s t  two reason s t The p r o b a b il it y  o f  a s t a t i s t i c  o f  any v a lu e  occurriing i s  zero ( though th e p r o b a b il it y  d e n s ity  may not be z e r o ); and, N othin g ever happens by chance.“' I t  i s  a lso  worth commenting th a t  no s o c io lo g is t  worth h i s  s a l t  would ever h yp oth esize  th a t  th e re  was no a s s o c ia tio n  between e d u ca tio n a l attain m en t and o ccu p a tio n a l a tta in m e n t. (For f i v e  sam ples from d if fe r e n t  typ es o f  a re a , S ew ell e t  a l ( 1970:1018) f in d  c o r r e la t io n s  o f  •63k» .6 3 0 , .5 6 8 , .581 and .6 1 8 ;
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th e  c o r r e la t io n  c a lc u la te d  on th e f i v e  samples taken to g e th e r  i s  .6 1 8 ) .
The sam pling d is t r ib u t io n  o f  th e  c o r r e la t io n  s t a t i s t i ci s  d i s t i n c t l y  non-norm al, p a r t ic u la r ly  fo r  v a lu e so f  th e  c o r r e la t io n  param eter n earer to  u n it y . Thed is t r ib u t io n  i s  skewed w ith a  lo n g  n e g a tiv e  t a i l  fo rp o s it iv e  v a lu e s  o f  th e c o r r e la t io n  param eter (andv ic e  v e r s a ) ; T h is  i s  shown in  F ig u re  2 .2 .2 ;  noteth a t th e mean o f  th e sam pling d is t r ib u t io n , ?  , i ssle s s  than th e v a lu e  o f  the param eter r p .  T h is  i swhy th e c o r r e la t io n  s t a t i s t i c  r e i s  supposed to bea  b ia se d  e stim a to r o f  r p -  in  a  la r g e  s e r ie s  o f  t r i a l sth e mean o f  th e s t a t i s t i c s ,?  ,  i s  not equal to r  .s  pWhether t h is  i s  im portant i s  another problem , fo r  why should we worry about th e mean o f  th e sam pling d is tr ib u t io n ?  F is h e r  d iscovered  a  way o f  tran sfo rm in g  th e  v a lu e s  o f  the c o r r e la t io n  s t a t i s t i c ,  so th a t  th e transform ed v a lu e s  o f  the s t a t i s t i c  were norm ally d is tr ib u te d  around the v a lu e  o f  th e  transform ed c o r r e la t io n  param eter. The tra n sfo rm a tio n  i s  c a lle d  F is h e r 's  z -tra n sfo rm , or h is  arctan h  tran sform  o f  th e  c o r r e la t io n  c o e f f i c i e n t ,  and i s  equal to  fc WifWfC.
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F ig u re  2 .2 *2The Sam pling D is t r ib u t io n  o f  the C o r r e la tio n  S t a t i s t i c
t  a arc tanh ( r )
(co n v e rsio n  t a b le s  are r e a d ily  a v a i la b le ) .  The d is t r ib u t io n  o f  t g ( i e  transform ed r s  ) i s  shown i n  F ig u re  2 .2 *3 *
I t  i s  ev id e n t from F ig u re  2 .2 .3  th a t  t Q i s  unbiassed because th e  mean o f  th e  s t a t i s t i c s ,  i s  eq ual to  th e v a lu e  o f  th e  param eter t ^ .  T h is  i s  a  c le a r  in d ic a t io n  o f  th e r e la t iv is m  th a t  e x is t s  in  the
1 v a lu e s  +1
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F ig u re  2 .2 .5The Sam pling D is t r ib u t io n  o f  th e  Transform ed C o r r e la tio n  S t a t i s t i c
d e fln t io n  o f  b i a s ,  fo r  i t  would seem th a t in  th eory we could  always f in d  some transform  so th a t  the transform ed s t a t i s t i c  i s  A n b ia ss e d .(B ia s  i s  d i f fe r e n t  from consistency which asks t h a t ,  as th e sample s iz e  in c r e a s e s , th e v a lu e  o f  th e s t a t i s t i c  approaches th a t  o f  the param eter.) I  w i l l  remain unworried about a ccu sa tio n s o f  b i a s ,  ju s t  as many s t a t i s t i c i a n s  are unworried about in c o n s is te n c ie s  In  b i a s .
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A r a th e r  more Im portant p o in t  a r is in g  from th e  useo f  th e arc tanh tra n sfo rm a tio n  i s  th a t we are nowin  th e  p o s it io n  o f  knowing th e v a ria n ce  o f  th esam pling d is t r ib u t io n  o f  t  e x a c t ly , no m atters
P r e v io u s ly  I  gave f iv e  c o r r e la t io n s  between O ccu p a tio n a l Attainm ent and E d u ca tio n a l Attainm ent and came to  th e co n clu sio n  th a t  no s e n s ib le  person would expect th e tru e  c o r r e la t io n  to be z e r o . A reaso n ab le  h y p o th e sis  i s  th a t  th ere  i s  no r e a l  d if fe r e n c e  between th e a r e a s , and th a t  any d if fe r e n c e s  are due to  sam pling f lu c t u a t io n s . The c o r r e la t io n  s t a t i s t i c  c a lc u la te d  fo r  a l l  the samples to g e th e r i s  .618 and t h is  v a lu e  (b e in g  c a lc u la te d  on a t o t a l  sample o f  4388) i s  p rob ably  c lo s e  to  the tru e  common v a lu e  o f  th e d if fe r e n t  c o r r e la t io n  param eters fo r  th e  f i v e  areas -  i f  such a  common v a lu e  e x i s t s .  We s e t  up the v a lu e  .618 as the v a lu e  in  th e 'n u l l*  h y p o th e s is , (K e n d a ll and S tu a r t  (1973s171) c a l l  i t  th e * h y p oth esis  under t e s t '  and r e fe r  to the l e v e l  o f  s ig n if ic a n c e  as the » s iz e  o f  th e  te s t*  -
what i s  th e v a lu e  o f  t  • The v a ria n ce  i s  1
n -  3where n i s  th e sample s iz e * (i® d2 = 1 > .n -  3
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in  t h is  case I  w i l l  use the u s u a l term s, th e  s iz eand ‘ power*5 o f  t e s t s  I  w i l l  co n sid e r anon). Thesample o f  857 peop le from a ‘ Farm’ are a  have a  c o r r e la t io no f  .6 3 ^ , and we w ish to  f in d  out whether we can accep tth e  n u l l  h y p o th e sis  th a t  the p o p u la tio n  c o r r e la t io n( f o r  the Farm area) could  he .6 1 8 . (D a ta  from S e w a ll( 1 9 7 0 :lo l8 ) ) .
F i r s t  a sam pling d is t r ib u t io n  i s  s e t  up, w i t h _ t  .=arc tanh .618 = .722 and d^ = 1 = .001171 •
85kWe then fin d  th a t  t  = arc tanh *63k = *7k8 »sso th a t  th e d if fe r e n c e  t  -  t  » .026 ; as d ** .03^22s Pwe can form a  standard normal d e v ia te  z = s t>d= »769 • From ta b le s  o f  th e normal d is t r ib u t io n  fu n c t io n , the p r o b a b ilit y , o f  g e t t in g  a  v a lu e  o f  z l e s s  than o r  eq ual to  .7 6 9 , i s  .779* The s ig n if ic a n c e  l e v e l  o f  t h i s  d if fe r e n c e  i s  1 -  .779 s  .2 2 1 , and so th e n u l l  h y p o th e sis  th a t th e c o r r e la t io n  param eter i s  .618 i s  • a cce p ted *• (K e n d a ll and S t u a r t  (1973:171) su g ge st th a t  ‘ d ecid e th a t  the o b se rv a tio n s are fa v o u ra b le  t o ' may be used in ste a d  o f  a c c e p t , ' • • •  I f  th e  read er cannot over-come h is  p h ilo s o p h ic a l d is l i k e  o f  £thls^} a d m itted ly  in ap p o site  ex p ressio n  . . . *  . )
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I t  m ight he tem pting to  say  th a t  th e r e l a t i v el ik e lih o o d  o f  th e  c o r r e la t io n  param eter b e in g  .63*tto  th e l ik e lih o o d  o f  th e  c o r r e la t io n  param eter b e in g.618 i s  eq u al .779 o r about 3 .5  .  I h i s  i s  n o t r e a l l y
.221t r u e , fo r  i f  we in tro d u ce  z (=  .769) in to  eq uation(2 .2 .1 0 )  th e l i k e lih o o d  r a t io  i s  exp .391 = 1*5^ •
2We h a v e , th e n , two e stim a te s  o f  th e r e l a t i v e  l ik e lih o o d  o f  two param eter v a lu e s  : th e  v a lu e  1.3¿fr I  b e lie v e  to  be e a s i l y  in t e r p r e t a b le , and th e s ta t u s  o f  th e v a lu e  o f  3 .5  l e s s  r e a d ily  in t e r p r e t a b le . (However, th e  rep eated  sam pling id e a l  i s  so h e a v ily  entrenched th a t  i n  th e l ik e lih o o d  r a t io  t e s t s  o f  Neyman and E S P e a rso n , th e  l ik e lih o o d  r a t io  i s  turned in to  a  s t a t i s t i c  i t s e l f .  E S Pearson (1966) commenting on B a rn a rd 's  s u g g e stio n  t h a t  th e l ik e lih o o d  r a t io  i s  enough in  i t s e l f ,  s a id  » ¿ . • We c e r t a in ly  co n sid ered  [ th is  su g g e stio n ] but soon r e a liz e d  t h a t  th e  v a lu e  o f  £th e l ik e lih o o d  r a t io ]  i t s e l f  . . .  cou ld  p ro vid e no c le a r  gu id e on which to  base c o n clu sio n s  »••* •)
In  d e c id in g  upon th e s ig n if ic a n c e  o f  a  r e s u l t ,  we ore fo r c e d , in  th e  t r a d it io n a l  t e s t s ,  to  r e j e c t  a  h y p o th e sis  because ( a s  J e f f r e y s  (1961:385) remarks)
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*••• because i t  has not p re d ic te d  o b servab le  r e s u lt s  th a t have not occurred • • • ' *  J e f f r e y s  i s  sa y in g  th a t  from th e  sam pling d is t r ib u t io n  ( i s  th e  ( p o t e n t ia l ly )  ob servab le r e s u lts )  th e  are a  i n  th e  t a i l  beyond th e observed v a lu e  ( i e  some o f  th e  ( p o t e n t ia lly )  ob servab le  r e s u lt s  which, have not occurred) i s  used to  d ecid e whether th e h y p o th e sis  i s  a c c e p ta b le . As Edwards (1972:177) comments : Why choose th e t a l l  a re a  ? (an y a re a  o f  s im ila r  s iz e  would be as pow erful a  way o f  r e je c t in g  hypotheses -  F is h e r  says th a t  i n  r e je c t io n  an e x c e p t io n a lly  ra re  chance has occured but c f  my p re v io u s comments).' J e f f r e y s  » i n  th e  same work, comments th a t  a  n u l l  h y p o th e sis  i s  m erely som ething s e t  up l i k e  a coconut to  stand u n t i l  i t  i s  h i t  : and u n fo rtu n a te ly  t h i s  i s  o n ly  too t r u e , because i n  ca se s  where we have ’ r e p lic a t io n s ’ ( tufc a lso  sm a ll sample s iz e s )  we might never ach ieve • s i g n i f i c a n c e ' ,  and a f t e r  a tim e th e n u l l  h y p o th e sis  w i l l  become accepted as f a c t »  -  fo r  no good reason a t a l l .  (An e x c e lle n t  example o f  t h is  i s  g iv e n  by B i l l  Bytheway (1 9 7 5 ), and I  would l i k e  to  acknowledge ny debt to vhm fo r  many valu ed  d is c u s s io n s .)  T h is  b r in g s  us back to th e  r e la t iv e  l ik e lih o o d s  and w i l l
he extended in  s u b -s e c tio n  2 .6
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Up u n t i l  now, in  t h is  s u b -s e c t io n , though I  have tr e a te d  o f  th e  n u ll  h y p o th e sis  as i f  i t  had a complement, so th a t  th e  r e l a t iv e  l ik e lih o o d  ( l ik e lih o o d  r a t io )  was between th e  complement to  n u l l  h y p o th e s is , in  the K a r l g e a r s o n -'S tu d e n t'-F id h e r  n u l l  h y p o th e sis  th e re  i s  no complement. F is W  f u l l y  denied Neyman's p r in c ip le  th a t  th ere  could  be no s t a t i s t i c a l  t e s t  o f  a  h y p o th e sis  w ithout re fe re n ce  to  r i v a l  h yp oth eses,(b u t see H a c k in g 's  (1966:81-83) d is m is s a l o f  F is h e r 's  d e n ia l) .  T h is  has le d  to  one f a i r l y  t r i v i a l ,  though o v e r -r a te d , e x e g e s is  o f  th e contem p lation  o f  r i v a l  h y p o th e ses, th a t  o f  »Types o f  E rro r ' ( to  c a l l  them 'e r r o r s ' i s  v e ry  r e v e a lin g ) . I  r e fe r  to  Type 1 and Type 2 e r r o r s . A Type 1 e rro r -  an erro r  o f  th e f i r s t  k in d - o ccu rs when we r e je c t  th e n u l l  h y p o th e sis  when i t  i s  tru e  ( t h e  p r o b a b ilit y  th a t  we s e t ,  th a t  t h i s  w i l l  o c c u r , i s  c a l le d  th e 's i z e '  o f  th e  t e s t ,  i e  th e  co n fid e n ce  l e v e l ) .  A Type 2 e rro r  -  an e rro r  : o f  th e  second k in d  -  occurs when we accep t th e n u l l  h y p o th e sis  when i t  i s  f a l s e  ( u n ity  minus t h is  p r o b a b il it y  i s  c a l le d  th e  'pow er' o f  th e  t e s t ) .  Much
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i s  Bade o f  t h i s  d if fe r e n c e  i n  in tr d d u c tio n s  to th e  to p ic  o f  in fe r e n c e ; but» a g a in , i t  o n ly  r e a l l y  makes sense in  th e  co n te x t o f  acceptan ce p ro ced u res.F isher» s  (1 955 :73-7k)  argument i s  v ery  t e l l i n g  here : f i r s t l y ,  he says th a t  in  most m ilie u  *••• £the a r^ o rsj are> e s s e n t ia l ly  o f  one kin d  o n ly  and o f  equal t h e o r e t ic a l  im portance • • • * ;  he co n tin u e s by p o in tin g  out th a t  in  s c i e n t i f i c  in v e s t ig a t io n s  we can from the sam pling d is t r ib u t io n  f in d  th e e x te n t o f  th e  e rro r  o f  th e  f i r s t  k ind  — here I  would d is a g r e e , see above — b u t ,  we cannot f in d  th e  e x te n t o f  th e e rro r o f  th e  second kind m erely from c o n s id e ra tio n  o f  th e »null» h y p o th e sis  because we do not know the d is t r ib u t io n  o f  r i v a l  h yp oth eses. F is h e r  does not a c t u a l ly  say  d is t r ib u t io n , but • ; . .  not o n ly  on th e frequ ency w ith  which r i v a l  hypotheses are in  f a c t  t r u e , but a lso  how c lo s e ly h  th ey resem ble th e  n u l l  h y p o th e sis  .  • * ' .  He then makes th e p o in t , a g a in , th a t  ' . . .  In  an. acceptance procedure . . .  acceptance i s  ir r e v e r s ib le , whether th e  evidence fo r  i t  was stro n g  o r weak . . . ' ( m y  em phasis); l a t e r  he makes the id e a liz e d  p o in t -  which i s  o fte n  fo r g o tte n  in  p r a c t ic e , perhaps due to th e in flu e n c e  o f  acceptance procedures -  * . . .  th e co n clu sio n s  drawn
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by a  s c i e n t i f i c  worker from a t e s t  o f  s ig n if ic a n c e  are p r o v is io n a l ,  and in v o lv e  an i n t e l l i g e n t  attem pt to  understand th e experim ental s i t u a t io n  •••'  ( I t  might a lso  he noted t h a t ,  because th ere  are o f t e n  many t e s t s  o f  th e same s i z e ,  th e  m axim ization o f  the power o f  a  t e s t  becomes a  way o f  d e c id in g  between com peting, and o f t e n  c o n f l i c t i n g ,  t e s t s .  )
2.3a
2 .3  B a yesian  Methods
In  e u b -s e c tio n  2 .1  I  b r i e f l y  m entioned Bayes» Theorem, and a l l  the system s o f  in fe r e n c e  c a l le d  B ayesian  s t a r t  from th e  id e a  o f  a  p r io r  d is t r ib u t io n  o f  f e a s ib le  v a lu e s  o f  a  param eter. That i s ,  so we are t o l d ,  we r a r e ly  s t a r t  out w ith  no id e a  o f  th e  p o s s ib le  v a lu e s  o f  a  param eter * eg a  c o r r e la t io n  i s  alm ost c e r t a i n l y p o s it iv e  ; th ese  two re g r e s s io n  c o e f f ic i e n t s  have to  be p o s it iv e  and sum to  u n ity ; C-tC. T h is  i s  turned in to  a  p r io r  d is t r ib u t io n  o f  v a lu e s  o f  th e p aram eter, where th e p r o b a b il it y  d e n s it ie s  show how l i k e l y  we th in k  are th e se  v a lu e s  b e fo re  we perform  our s tu d y . In  p reviou s te rm in o lo g y , we s ta r t , out w ith  knowledge f ^ p j * )  -  which I  w i l l  sh orten  to f ^ p ) .■ As wel^as t h is  in fo rm a tio n  we have th e  r e s u lt  o f  a  study which p ro vid es a  s e t  o f  l ik e lih o o d s  o f  th e  param eters, g iv e n  a  sample s t a t i s t i c ,  i e  L ( p : s ) .The r e s u lt  o f  m u ltip ly in g  the p r io r  d e n s ity  o f  a p o s s ib le  v a lu e  p by i t s  l ik e lih o o d  i s  p ro p o rtio n a l to  th e p o s te r io r  d e n s ity  o f  th e  v a lu e  p -  t h a t  i s ,  what we now th in k  about th ese p o s s ib le  v a lu e s  o f  p a f t e r  we have performed our s tu d y . The p o s te r io r
2 .3 .2
d e n s ity  f^( P) i s  g iv e n  by
f^Cp) = k  L ( p :s )  f j( p )  . 1 . . . . . . . ( 2 * 3 * 1 )
where k i s  c o n s ta n t .
The B ayesian  estim a te  o f  the param eter i s  g iv e n  byth e  mean o f  th e  p o s t e r i o r  d is t r ib u t io n  -  althoughfr e q u e n tly , because o f  m athem atical d i f f i c u l t i e s ,th e  mode i s  found in s te a d : th e B a y e sia h  co n fid e n cein t e r v a ls  are chosen so as to  f in d  an i n t e r v a l ,(Px  to  Py ,  say) such th a t  F-^P^ss) “  *2^py iS ^= 1 -  a  ( where a  i s  th e  co n fid en ce l e v e l ) • T h isi s  an im p o ssib le  ta s k  (and t h i s  i s  tru e  fo r  fre q u e n ltistco n fid e n ce  in t e r v a ls  as w e ll) ,  u n le ss  we p la c e  ana d d it io n a l r e s t r i c t i o n  on v a lu e s  o f  Px  and p th er e s t r ic t io n  i s  th a t  f  £( p x ) = f 2(P y) .  (S e e  F ig u re2 * 3 .1 ) . T h is  in t e r e s t  i n  th e mean on one hand and
*p r o b a b il it y  d e n s it ie s  on the o th e r is » ¿ c o n s is t e n t .I t  i s  p e r fe c t ly  f e a s ib le  w ith, v e ry  skewed d is t r ib u t io n s  to  f in d  th e  b e st estim a te  to be th e mean, but fo r  th e  mean to  be o u ts id e  th e  B ayesian  c o n fid e n t l i m i t s  !O n t o lo g ic a l ly , the mean and th e  B ayesian  l i m i t s  are
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as a lik e  as c h a lk  and ch e e s e . Edwards(1972:67) makes th e p o in t ' . . .  B a y e s ia n  s o lu tio n s  are co n stra in e d  to
p r io r  as e q u iv a le n t to  th e  in te rm in a b le  arguments over p o in t e s tim a tio n  . . . * J  and e a r l i e r  (p  59) h® comments th a t  th e  B a yesian  fo rm u latio n  i s  concerned w ith the p r o b a b il it y  o f  a param eter l y in g  in  an in t e r v a l ,  but when th ey concern them selves w ith probotJLlity d e n s it ie s  t h is  shows th a t th ey  have become in te r e s te d  in  p o in t com parisons, *••• th e y  should come c le a n  and adopt a  p o in t fo rm u la tio n  • • • '•
Perhaps th e  most common c r i t ic is m  o f  th e id e a  o f  ap r io r  distribution i s  th a t  which comments th a t  th e 
tsp r io r  d i^ r ib u tio n  o f  p , id  d i f fe r e n t  from th e p r io r  d is t r ib u t io n  o f  p2 ,  and t h is  le a d s  to  d i f f e r e n t  estim a te s  fo r  p . I f ,  fo r  exam ple, we estim ate  q a 1/p th e  B a yesian  estim ate  o f  q does not equal th e r e c ip r o c a l  o f  th e B a yesian  estim a te  o f  p : t h i s  i s  o n ly  th e same as sa y in g  the harmonic mean i s  d i f f e r e n t  from th e arithmetic«, mean. Edwards (1972t20) w rite s  ( o v e r -s tr o n g ly  I  th in k) * [ t h i s  problem w ith tra n sfo rm a tio n  o f  th e  tu rn s out to  be one
provide a  s in g le  ^estim ate o f  a ananswer, we may view  th e  argument over th e  a p p ro p ria te
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o f  th e  most t e l l i n g  p o in ts  a g a in s t th e  use o f  p r o b a b il it y  as a measure o f  b e l i e f  i n  hypotheses(my em p h asis), o b v io u sly  t h i s  would be w ithout p o in t i f  we estim ated th e v a lu e  o f  th e param eter by th e median o f  th e  d is tr ib u t io n *
Suppose th a t  we have undertaken a stud y and have found th e p o s te r io r  d is t r ib u t io n  f £( p ) ,  i t  i s  always p o s s ib le  to  use t h i s  as a  p r io r  d is t r ib u t io n  fo r  use i n  another s tu d y , and t h i s  can be rep eated  over any number o f  s tu d ie s*  I f  we a s s e r t  t a t one p o in t i n  tim e we were com p letely  unknowledge ab le  about th e  l ik e lih o o d s  o f  th e  p o s s ib le  v a lu e s  o f  th e  param eter; and our p r io r  d e n s it ie s  we possess now are th e  r e s u lt  o f  p re vio u s s tu d ie s ; then we must have a p r io r  d is t r ib u t io n  which fo llo w s th e th e form o f  th e l ik e lih o o d s  L ( p :s ) *  T h is  a s s e rtio n  runs counter to  v a rio u s  tren d s i n  B a y e sia n  th o u g h t, but i s  the approach taken  by th e  E m p iric a l B ayesian s -  who, i t  might be s a id , are not accepted by B ayesian s in  g e n e r a l. To use V e a tc h * s (197^:195) grap h ic p rase  about Popper, i n  form ing a p r io r  d is t r ib u t io n  o f  a  param eter, B ayesian s ' * • •  so f a r  from b a sin g  t h e ir  hypothesefon the d a t a , sim ply
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make them up out o f  whole c lo t h  ! • » ',* , J e f f r e y s  (1961:37) su g g e sts  th a t d is p u te s  about the form o f  th e  p r io r  d e n s it ie s  be r e fe r r e d  to an » In te r n a t io n a l R esearch C o u n cil*  : t h is  needs a  touch o f  R ealism  and l e s s  Id e a lis m , ( i n  f a c t  Je f fr e y s »  Idealism i s  shown in  h i s  p reoccu p atio n  w ith , and attem pta to  measure p r e c is e ly . » S im p lic ity ' (1961:^7))*
F ig u re  2 ,3 ,1B ayesian  co n fid e n ce in t e r v a l  p^ to  Px  fo r  an unknownparam eter p
v a lu e s
o f  pU ’ »
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2 .3 .1  Bruno de F ln n e t t i  and » P r o b a b ility  does not E x is t*
De F in n e t t l  has lo n g  been a  le a d in g  exponent o f  th e s u b je c t iv is t  sch o o l o f  s t a t i s t i c a l  in fe r e n c e  -  as he says i n  th e  P r e fa c e  to h is  'Theory o f  P r o b a b ility »(d e F l n n e t t i ,1975): ' . . . M y  t h e s i s ,  p a r a d o x ic a lly , and a  l i t t l e  p r o v o c a tiv e ly , bu t n o n th e le ss  g e n u in e ly , i s  sim ply t h is  i PBOBABILITY DOES NOT EXIST . . . * .De F in n e t t i  se e s  a l l  p r o b a b il it y  statem ents in  terms o f  b e ts  -  d e s p ite  b e in g  a  's u b je c t iv is t *  he i s  alm ost a  ' p o s i t i v i s t ' in  th a t  he c l in g s  to  t h is  o p e ra tio n a l d e f in it io n  -  i f  we say th a t  th e p r o b a b il it y  o f  heads i s  i ,  what we r e a l l y  mean, he s a y s , i s  th a t  we would bo as w i l l in g  to  b e t on heads as we were to  b e t on t a i l s .  T h is  r e la t e s  to  the r a in  problem * th e p r o b a b il it y  o f  heads i s  £ ,  but we o n ly  ever observe a  head o r a t a i l .  He says ' . . .  th a t  an o b je c t iv e  p r o b a b il it y  £  eg  o f  h e a d s j i s  always unknown, although h y p o th e tic a l estim a te s  o f  i t s  v a lu e  are made in  a not r e a l l y  s p e c if ia b le  sense . . . »  (quoted in  H ackin g(1 9 6 6 :2 1 3 )). De F in n e t t i  would have us b e tt in g
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on n o th in g s ; i f  p r o b a b il it y  does not e x i s t ,  why should we ever bo th er to  b e t 7 De F in n e t t i  cannot g e t round t h i s  b a s ic  problem t I f  th e re  i s  no such th in g  as an o b je c t iv e  p r o b a b il it y  o f  heads b e in g  •£» we would be in c lin e d  to  th in k  i t  was some o th e r  nurtber near to a  l ,  bu t we alw ays b e t as i f  i t  were e x a c t ly  a h a l f  -  I  h old  th a t  th e reason  fo r  t h is  can be reduced to  th e p h y sic s  o f  a  c ir c u la r  d is k , and th a t  th e  p r o b a b il it y  o f  a  £ in  a  c e r t a in  s e t  o f  circu m stan ces i s  a  p roperty  o f  the d is k  (as i s  i t s  wind—r e s is t a n c e ) •I t  i s  an a c c id e n t o f  th e  c o in , th a t i t  i s  m e t a ll ic  t i t  i s  p a r t o f  th e  essence o f  a co in  (re v e a le d  in  a  co n cep tu al change) th a t  both s id e s  are as l i k e l y  to  appear uppermost* I f  a  c o in  a f t e r  a  f a i r  number o f  to s s e s  had a  la r g e  s u r f e i t  o f  h e ad s, I  would s t i l l  take a l o t  o f  co n vin cin g  th a t  t h is  was not a ra re  occurence from a f a i r  c o in  b e fo re  I  questionned i t s  f a ir n e s s .
At th e  same tim e , because I  b e lie v e  th a t  » p r o b a b ility 1 can be a c h a r a c t e r is t ic  o f  r e a l i t y ,  I  am v e ry  s u s p ic io u s  o f  u s in g  » p r o b a b ility 1 as a d e v ice  to  show b e l i e f .There are ( as I  noted i n  th e f i r s t  chapter) many d i f fe r e n t  p r o b a b i l i t ie s ,  and de F in n e t t i  would g iv e
2 .3.8
o n to lo g ic a l  p r io r i t y  to  th e  p r o b a b il it y  as an in c l in a t io n  to b e t : I  see th e  v a r io u s  p r o b a b i l i t ie s  in  an A r i s t i t le a n  pros hen e q u iv o c a l sense ( s e e  Appendix A) -  a l l  th e d i f f e r e n t  p r o b a b i l i t ie s  are connected in  th e  end to concept o f  r e la t iv e  numbers in  d is c r e te  c a t e g o r ie s . B ayes’ o r ig in a l  id e a  was expressed i n  p ro p o rtio n s and not p r o b a b il it y  d e n s it ie s l
H o te , how ever, th a t  i n  B a y esian  methods what we th in ki s  m odified by what happened b e fo re  th e p resentes tu d y , whereas i n  th e f i^ u e n t is t  sch o ol th e re  i s  no way o f  ta k in g  such th in g s  in to  acco u n t, (b u t see sub­s e c tio n  2 .6 ) .
2 .V .1
2 . if The Method o f  Support
Maximum lik e lih o o d  chooses th a t  v a lu e  o f  th e param eter which maximizes th e v a lu e  o f  L(p so)*  O fte n  maximum lik e lih o o d  (ML) and fr e q u e n tis t  e stim a te s  o f  th e same param eter do not agree» though as th e sample s iz e  in c r e a s e s  th ey tend to  th e  same v a lu e  in  many cases* (F o r  example» th e ML estim a te  o f  th e  p o p u la tio n  v a r ia n c e  i s  th e  sample v a ria n ce  ( the s t a t i s t i c ) , in  th e case  o f  th e u su a l unbiassed estim a te  the p o p u latio n  v a ria n c e  i s  estim ated by th e sample v a ria n c e  m u lt ip lie d  by n/(n -  1 ) .  ) The m axim ization o fL ( p :s )  can be seen by analogy to be as ch oosing th e  mode o f  a  d is t r ib u t io n  i but why choose th e mode ?There have been many c r it ic is m s  made o f  ML methods t and one i s  th e p o s s ib le  e x is te n c e  o f  m u ltip le  maxima ( th in k  o f  a  h i l l y  ra n g e ); o th e rs  are due to  s i l l i n e s s  o f  ML e stim a te s  in  some circu m stan ces — o r th e  e x is te n c e  o f  no p o s s ib le  ML estim ate  l I t  i s  a ls o  worth c o n sid e rin g  whether th e  most l i k e l y  v a lu e  o f  th e param eter i s  th e b e st v a lu e  to choose o r  whether one should not r e a l l y  be in te r e s te d  i n  p ro v id in g  an i t e r v a l .  A n a lo g iz in g
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to  th e  d is t r ib u t io n  o f  incom e, s a y , i t  i s  l i k e  sa y in g  th a t  th e  b e s t e stim a te  o f  th e  average wage i s  th e most freq u en t wage, i s  th e  in t e r q u a r t i le
w ith p o in t e s tim a tio n  and not w ith In t e r v a l  e s tim a tio n  ( and as such i s  not an i n f e r e n t i a l  method)•
The Method o f  S u p p o rt, e x c e l le n t ly  e x p la in e d  by Edwards (1972) b u ild in g  upon p a r ts  o f  H acking (1 9 6 6 ), t r i e s  to  take L ( p :s )  as the fou n d ation  o f  in fe r e n c e . L e t L ( p * :s )  be th e maximum l ik e l ih o o d , correspond ing to  th e ML estim a te  o f  th e  param eter, p * ; Edwards t e l l s  us to  ta k e  th e  tw o(?) v a lu e s  o f  p which s a t i s f y
T h is  Edwards (1972:180-197) c a l l s  th e m -unit support l i m i t s ,  and a  m -unit support i s  e q u iv a le n t to  a r e la t iv e  l ik e lih o o d  (R) o f  exp(m ), (m=2, B s7 .3 9 i »=3 , R =2 0 .0 9 ). For a  normal samplJ/iJ d is t r ib u t io n  o f  s ,  2—u n it  support g iv e s  th e same l im it s  as two—t a i l e d  co n fid e n ce t e s t  o f  s iz e  .0 k55$ fo r  3 -u n it  su p p o rt, th e corresponding s iz e  i s  .011*3 ( s e  T a b le  2 . l * . l  fo r
range p r e fe r a b le ?  Maximum l ik e lih o o d  i s  concerned
m (2.1*.1)
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some r e le v a n t ta b u la tio n s *  I t  i s  in t e r e s t in g  th a tthe v a lu e  o f  R i s  always much le s s  than th e  r a t ioo f  th e  in clu d ed  a re a  to th e are a  o u ts id e  theco n ve n tio n al l i m i t s ) .  I  do not f in d  th e  use o fsupport l i m i t s  d e fe n s ib le , fo r  i t  i s  p o s s ib le  w ithm u ltip le  maxima ( h i l l s ,  some b ig g e r  than o th ers) tohave many v a lu e s  o f  p which s a t i s f y  ( 2 . i t . l ) ,  p a r t lydepending on th e v a lu e  o f  m. (T h is  i s  very s im ila r  toth e B ayesian  in t e r v a ls  — see F ig u re  2 .3 *1  ■ * when
onlyth e r e s t r ic t io n  i s  n o tio n  in clu d e d  a re a , but on.. cr e la t iv e  l ik e l ih o o d s .)  I t  i s  in te j/ s tin g  to  read * . . .  the o b je c t  o f  t h i s  book I s  to d e s c rib e  a  method which w i l l  enable us to " a s s e s s  th e  r e la t iv e  m eritso f  r i v a l  hypotheses" . . .'( E d w a r d s ,1972:3^-)* and t h ismay be why the m -unit l im it s  do not seem to  convince *“ to use Edwards' own p o in t concerning th e B ayesian  co n fu sio n  o f  p o in t and in t e r v a l  e s tim a tio n , to  adopt an in t e r v a l  fo rm u latio n  shows th a t  a  p o in t fo rm u latio n  i s  not s u f f i c i e n t  (even  though we a r r iv e  a t th e  in t e r v a l  by a  p o in t form u lation ) •
Edwards in n ovates to  In trodu ce the id e a  o f  a p r io r  l ik e l ih o o d , and in  essence and p r a c t ic e  I s  almost
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identical te the Bayesian formulation of equation 
(2 .3 .1 ), hut the difference is  supposed to l i e  in  
the nature o f the prior information. The equivalent
to eq u ation  (2^3»1) l s  *
L ^ ( p :s ,* )  = I^Cpss) x  L j Cp î b ) . . . . . . . . . (2.it-*2)
where t h is  i s  to  read aa • th e p o s te r io r  l ik e lih o o d  i s  eq ual to  th e product o f  th e l ik e lih o o d  from th e  sample and th e  p r io r  l ik e l ih o o d . (And th e p o s te r io r  l ik e lih o o d  can he used as a  p r io r  l ik e lih o o d  in  another stud y ) .  In  p r a c t ic e  Edv/ards works w ith  the lo g —lik e lih o o d  * which he ( a f t e r  H acking)c a l l s  'Support* so th a t
S j ( p : s , * )  = S £ ( p :s )  + S^Cps*) ..................... ( 2 . ^ . 3 ) ,
A g a in , the a b i l i t y  to in co rp o rate  p r io r  in fo rm a tio n  i s  a  v a lu a b le  fa c e t  not a v a ila b le  w ith  fr e q u e n tis iappro aches
O
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T .ABLE 2.2+.1V alu e s fo r  th e sta n d a rd ize d  normal d is t r ib u t io n .
D e v ia te  S iz e  o f  R e la t iv e2 - t a i l  t e s t  l ik e lih o o d Logarithm  o fR e la t iv eL ik e lih o o d
0 .0 1.000 1,000 0.0000 .1 0.920 1.005 0+0050 + 2 0.82+1 1.020 0.0200 .3 0.762+ 1.02+6 0.02+50.2* 0.689 1.083 0.0800 .5 0.617 1.133 0.1250 .6 0.52+9 1.197 0.1800 .7 0.2+82+ 1.278 0.22+50 .8 0.2+22+ 1.377 0.3200 .9 0.368 1.2+99 0.2+051 .0 0 .317 1.62+9 0.5001 .1 0 .271 1.832 0.6051 .2 0.230 2.052+ 0.7201 .3 0 . 192+ 2.328 0.82+51.2+ 0.162 2.665 0.9801 .5 0. 132+ 3.079 1.1251 .6 0.110 3.597 1.2801 .7 0.089 2+.22+2 1  ^2+2+51 .8 0.072 5.053 1.6201 .9 0.057 6.079 1.8052 .0 0.02+55 7.389 2.0002.25 0.022+5 12.57 2.531252 .5 0.0122+ 22.76 3.1252 .7 5 0.0060 2*3.87 3.781253 .0 0.0027 90.02 2+.5003 .2 5 0.0012 196.6 5.281253 .5 0.0005 505.3 ' 6.1250 .0 c*
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2 .5  Fiducial In fe re n c e
A common c h a r a c t e r is t ic  o f  th e B a yesian  and Support methods i s  th e  com bination o f  in fo r m a tio n , the F id u c ia l  approach as o r i g i n a l ly  envisaged by F is h e r  d id  not have such a f a c i l i t y .  In  e s se n ce , as I  d e fin e  i t ,  F id u c ia l  in fe r e n c e  c o n s is ts  o f  re g a rd in g  the l ik e lih o o d  a f  a  param eter as a prob abil i t y  d e n s ity . H acking (1966:133) n o tes  ' . . .  A pp arently th e f i d u c i a l  p r o b a b il it y  o f  an h y p o th e sis  £eg the p o s s ib le  v a lu e  o f  a  parameter^] » g iv e n  3ome d a t a , i s  th e degree o f  t r u s t  you can p la c e  in  an h y p oth esis  i f  you p o ssess o n ly  th e  g iv e n  d a ta  . . .  F is h e r  gave ho g e n e ra l in s t r u c t io n  fo r  computing h is  f i d u c i a l  p r o b a b i l i t ie s  P r o f George A Barnard in  p r iv a t e ly  c ir c u la te d  d r a ft  'Theory o f  E stim a tio n ' ta k e s  th e  view  th a t  i t  i a  p e rm iss ib le  ' . . .  in  th e absence o f  any o th er knowledge about £pj ,  to  regard Q p ]a s  i t s e l f  a  random v a r ia b le  h a v in g  a  d is t r ib u t io n  [ o f  a s p e c if ie d  form] . . . ' .  I  agree w ith  Barnard th a t  ' . . .  arguments which, appear to depend on th e  f i d u c i a l  d is t r ib u t io n  . . .  in  f a c t  do not re q u ire  i t s  accep tan ce; and many p r a c t ic a l  a p p lic a t io n s  . . .  w i l l  be the some, ir r e s p e c t iv e  o f
2i'5#2
whether th e  argument i s  accepted or not • • • ' }  and i f  a  d is t in c t io n  i s  made "between th e  p r io r  d is t r ib u t io n  o f  p , th e sample ( f i d u c i a l )  d is t r ib u t io n  o f  p ,  and th e p o s te r io r  d is t r ib u t io n  o f  p -  s u g g e s t iv e ly  we might w rite
f ( p j s , * )  s  f ( p :s )  x  f ( p s * )  ••• •• •• •» (2 .5*1 )
T h is  i s  not s a t is f a c t o r y  i n  I t s e l f ,  fo r  i t  imph.es th a t p = p+p (e q u a tio n  ( 2 .5 .1 )  i s  o f  th e  form o f  th e  sum o f  v a r s i t e s ,  ( e g  K e n d a ll and S t u a r t ,1969t263~264))•What i s  needed then i s  a co n stan t term k ( - ) ,  which a d ju s ts  th e are a  under th e curve to u n it y . We w rite
f C p : a , * )  s  k( - )  x  f ( p j s )  x  f ( p : * )  • . . . ( 2 . 5 * 2 )
(To r e it e r a t e  an ; e a r l ie r  p o in t , in  the end t h i s  i s  n u m e rica lly  e q iv a le n t to some a p p lic a t io n s  o f  B ayesian  and Support m ethods.)
The reason fo r  th e emphasis on th e d is t r ib u t io n  o f  the param eter l i e s  in  the e a r l i e r  problem o f  in c o n s is te n c ie s  i n  p o in t and in t e r v a l  e stim a tio n
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(when "both appear i n  th e  same a n a ly s is ) *  What weare tr y in g  to do i n  p o in t e s tim a tio n  i n  to  lo c a t e
£th e m iddle o f  th e paranger d is t r ib u t io n  -  thdugh in  Support the d istrib u tio n  does not e x is t *  V7e are  t r y in g  to  estim ate  a  s u p e r —param eter o f  th e d is t r ib u t io n  o f  p o s s ib le  param eter v a lu e s*  I  p e r s o n a lly  b e lie v e  thd; th e b e st estim a te  o f  th e v a lu e  o f  th e  super-param eter i s  the m edian, w ith o' .er q u a n tile s  p ro v id in g  th e v a rio u s  i n t e r v a l s .  (N ote th a t  t h i s ,  in  f a c t ,  does not commit u s to  use o f  a  d is t r ib u t io n  ; areas under curves e x is te d  b e fo re  p r o b a b ilit y  d e n s it ie s * )
F u rth e r , I  doubt th e  u t i l i t y  o f  e s tim a tin g  a  p r o b a b ilty  d e n s ity  of* l ik e lih o o d  corresponding to a  s in g le  v a lu e  (o r  the contem p lation  o f  r a t io s  o f  such )• E xp re ssin g  in t e r e s t  in  a s in g le  v a lu e  ( e g , e a r l i e r ,  a s in g le  v a lu e  o f  a p ro p o rtio n  or a  s in g le  v a lu e  o f  a  c o r r e la t io n )  does not seem o f  g re a t im portance* At what p o in t do we co n sid e r a  c o r r e la t io n  to  show the e x is te n c e  o f  • s k i ll«  in  p r e d ic tio n  o f  F o o tb a ll  League T ab les ? (A  P o in t m issed by H i l l ( 1974) who assumes any v a lu e  g r e a te r  than zero w i l l  do -  he a ls o  seems to  assume (b y  sco rin g  them as one) a l l  v a lu e s  g r e a te r  than z e r o , are as
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e q u a lly  l i k e l y  to  be r e a l l y  r e p r e s e n ta tiv e  o f  a  p o s it iv e  c o r r e la t io n ) *
A f id u c ia l  co n fid e n ce  in t e r v a l  i s  a  co n fid e n ce  in t e r v a l  because i t  re p re se n ts  co n fid e n ce  i n  a  •parameter (nob in  a sam pling d is t r ib u t io n  o f  s t a t i s t i c  v a lu e s ) . Of* course th e arrangement o f  th e  l i m i t s  can  be s u b je c t  to  a l l  the arrangem ental c r it ic is m s  o f  t r a d it io n a l  fle q u e n tist in t e r v a ls .  (The e s tim a tio n  o f  th e  lo c a t io n  o f  th e super-param eter fo r  th e p r o b a b ilit y  param eter i s  examined i n  Appendix D )•
2. 6.1
2 .6  Combining in fo rm a tio n  i n  fr e q u e n tis ts tu d ie s
Up to now we have seen how b u i l t - i n  tflt th e  methods o f  Support ,  Bayes and f i d u c i a l  in fe r e n c e  th e fX is  a f a c i l i t y  f o r  com bining the r e s u lt s  o f  e a r l i e r  s t u d ie s . F is h e r  (1958:99-101) s tr a n g e ly  enough
for frequtntistp ro vid es such a measure^, and in  essence i t  i s  very  s im p le .
F is h e r  su g g e sts  th a t i f  we have a  t e s t  o f  s iz e  P ( i e  a  co n fid e n ce  l e v e l  o f  P) we convert t h i s  to  a  v a lu e  o f  c h i—squared eq ual to  a  t e s t  o f  t h is  s i z e .  I t  so happens ( F is h e r ,1958) • * . . .  in  th e  case  o f  degrees o f  freedom j ,  th e n a tu r a l logarith m  o f  the p r o b a b ilit y  £ i e  the s i z e j  i s  equal to  to -$X 2.  I f  th e re fo re  we takejthe n a tu r a l lo g a rith m  o f  a  p r o b a b il i t y , change i t s  s ig n  and double i t ,  we have th e e q u iv a le n t v a lu e  o f  X2 fo r  2 degrees o f freedom . Any number o f  such v a lu e s  may be aided to g e th e r , to  g iv e  a  com posite t e s t  •••*• He thenp rovid es an example o f  th re e  s tu d ie s  w ith  s iz e s
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(P) equal to  .1^5* ¿263» and »087 which g iv e  v a lu e s  o f  - lo g (P )  eq u al to  1.9310* 1.3356» and 2.if¿tl9* th ese l a t t e r  th re e  v a lu e s  are added to g e th e r  and th e sua JLs 5 .7085; t h i s  v a lu e  i s  then  doubled to 1 1 .if 170 and, as each co n stiu e n t chy-squared has two degrees o f  freedom , t h i s  v a lu ó  corresponds to  a  ch i-sq u a re d  w ith  s i x  degree o f  freedom . The s iz e  o f  th e t e s t  i s  between .0 5  and not f a r  from .0 7 5 .
Barnard has commented (p e rso n a l communication) th a tth ere  i s  no reason to  use **log(P) o th e r  th an  convenience;he su g g e sts  th a t i f  we have reason to th in k  th a t  oneor more samples are p a r t ic u la r ly  ‘ good1,  eg th ey seembe.on t h e o r e t ic a l  grounds to^ cap ab le o f  p ro v id in g  a more a ccu ra te  answer (w hich would ndb in flu e n c e  th e c a lc u la t io n  o f  th in g s  such as standard e rro rs ) ,, then we could  f in d  th e v a lu e  corresponding to  a  certain p r o b a b ilit y  v a lu e  from th e ta b le s  o f  ch i-sq u are d  w ith  fou r degrees o f  freed o m ,say . The obvious draw-back to t h is  i s  th a t  i t  i s  r a th e r  more t e d io u s , but does allow  w e ig h tin g  by n o n - s t a t i s t i c a l  c r i t e r i a .
2.6.3
I  hope I  have now shown t h a t  when Z e tte r b e rg  (1966) su g g e sts  t h a t  we combine r e s u lt s  from d i f f e r e n t  s tu d ie s  by (p  162) an u n s p e c ifie d  * . . .  well-known law o f  p r o b a b il it y  c a lc u lu s  . . . * ,  he i s  d e s c r ib in g  an unknown an im a l. A c t u a l ly , h i s  form o f  »confidence a p p ra isa l»  fo r  th e  flo w -ch a rte d  example (p  109) i s  the u b iq u ito u s  ch i-sq u a re d  ( w it h  (p  105) no c le a r  statem ent o f  h i s  s t a t i s t i c a l  n u l l  h y p o th e s is ) ,  so he could  p o s s ib ly  mean F is h e r » s  method -  I  have a stro n g  s u s p ic io n  th a t  a l l  he means i s  th e  m u lt ip lic a t io n  o f  l ik e lih o o d  r a t io s  !
CHAPTER 3
MATHEMATICAL MANIPULATION
' ••• Q u a n tit ie s  which, can he s p e c if ie d  by g iv in g  ju s t  one number ( p o s i t i v e , n e g a tiv e  o r zero) are c a l le d  s c a la r s . For exam ple, tem p eratu re, d e n s ity , mass work are a l l  s c a l a r s .  S c a la r s  can o n ly  compared I f  th ey have th e  same p h y s ic a l d im ension s. Two sudh s c a la r s  measured in  th e same system o f  u n it s  are s a id  to  be equal i f  th ey have the same magnitude ( a b so lu te  v a lu e ) and s ig n  . . • '  ( A I  B orisenko and I  E T arapov. V e cto r  and Tensor A n a ly s is  w ith 
A p p l i c a t i o n ^  -
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E a r l ie r  I  commented th a t th e  e q u a lit ie s  p f  eq uation s ( 2 .1 .6a,b ) d id  n ot im ply th a t  a  l ik e lih o o d  had th e same o n to lo g ic a l  s ta t u s  as a p r o b a b il it y  d e n s ity  (we equated v a lu e s ) . T h is  can perhaps be made c le a r e r  by th in k in g  o f  the assignm ent
L t= F ; ...................... . ( 3 . 1 )
in  A lg o l 68. A lg o l 68 in  i t s  «Inform al In trod u ction « (L in d se y  and van der M eulen, 1971) i s  re v e a le d  to be a b r i l l i a n t  JemL o f  l o g i c  -  i n  an a re a  where l o g ic  i s  needed, but to judge by FORTRAN s a d ly  la c k in g . I  w i l l  not go in to  t h is  in  g re a t d e t a i l  but two typ es o f  concept are im portant s th e re  i s  th e way i n  which we lo o k  a t th6 numbers we s to r e ; and th e re  i s  th e id e a  o f  a  'c la u s e ' always d e liv e r in g  a ' v a l u e ' .  We need th e id e a s  o f  a lo c a t io n  w ith a c e r t a in  name p o sse ssin g  a v a rja .b le  o f  a  c e r t ain  v a lu e  : th a t  i s ,  th e re  i s  a  p la c e  i n  core ( t h e  lo c a t io n )  and we r e f e r  to the lo c a t io n  by a  destination ( t h e  name), w ith in  t h is  lo c a t io n  th ere i s  sto ered  some in fo rm a tio n  ( a  v a r ia b le  o f  a c e r ta in  v a lu e  i s  p o s se s s e d ). (5*1) then becou. >s : ' t h e  v a lu e  o f  th e v a r ia b le  possessed
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by lo c a t io n  w ith  name F ( o r  sim ply ' I * )  i s  made th e v a lu e  o f  th e v a r ia b le  r r  b^y L ' .  L  and F thus have th e same v a lu e ,  bu t th ey are d i f f e r e n t  t h in g s . I f  th e  typ es o f  v a r ia b le  in  lo c a t io n s  L and F d i f f e r  (L  can o n ly  p o ssess an in te g e r  v a r ia b le  and F can o n ly  p o ssess a s t r in g  v a r ia b le )  th en- . . the  valu e  o f  the v a r ia b le  possessed by F cannot be copied over to  be possessed by L .
A fu r th e r  e x ten sio n  o f  t h i s  i s
Z t= X*Y ..........................(3 .2 )
•The v a lu e  possessed by X i s  m u lt ip lie d  by the v a lu e  possessed by Y and the v a lu e  d e liv e re d  by the c la u s e  X*Y i s  th en  possessed by Z * .  In  the •In form al In tro d u c tio n ' (p  251) th ere  are o n ly  n in e p o s s ib le  com binations o f  v a r ia b le  fo r  which th e c la u s e  X*Y d e liv e r s  a r e s u l t .  That i s ,  X can p o ssess a  v a r ia b le  o f  mode in t e g e r , r e a l  o r  com plex, and Y can also  lo c a t e  a  v a r ia b le  o f  any o f  th ese th ree  modes. Although in  m athem atical n o ta tio n  X and Y could  name
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*s a y , m a trice s  ,  in  A lg o l 68 th e co u p le r con fron ted  w ith ( 5 .2 )  when X and T were m atrices ( o f  mode, 'row - o f —row ') the com piler would produce an erro r  f l a g  —1 sometimes wish we were as choosy as com p ilers !A l l  i s  not l o s t ,  fo r  in  A lg o l 68 we can g iv e  an e x tr a  meaning to  a  p r e - e x is t in g  o p erato r t i n  t h i s  case we could  show how we would wish *** to  he in te r p r e te d  . i f  the com piler d isco ve red  th a t  X and T were row—o f —rows# (S ee  Lindsey and van der Meulen ( 1971*319“ 323) fo r  an e lq h o ra tio n  o f  t h i s . )
My p o in t which I  may he making ra th e r  c ir c u i t o u s ly , i s  th a t we can w rite  many eq uation s which seem m ath em atically  c o r r e c t , hut are in  r e a l i t y  undefined on th e v a r ia b le s  upon which we are o p e r a tin g . (Synge (l9 7 0 ;C h  3) makes t h is  p o in t v e ry  c le a r ly  : m athem atical o p era tio n s o n ly  do what we d esign  them to  d o , and sometimes we have to  extend the d e f in it io n s  to cover new re a lm s. In  th e  case etf m u lt ip l ic a t io n , nobody i s  now l i k e l y  to  c h a lle n g e  th a t  u s u a lly  X*Y f  Y#X in  the case o f  m a tr ic e s .)
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3 .1  P a r t i a l  D i f f e r e n t ia t io n  and In t e r a c t io n
Macdonald (1972) wrote a paper in  which he tooK the • in t e r a c t io n ' fo n c tio n
X3 = X1*X2 . . . . . « « » ( 3*1*1)
and p a r t i a l l y  d if fe r e n t ia t e d  th e fu n c tio n  by X^ to f in d
d X , .(3*1*2)
( I  have removed v a r io u s  s u p e r f lu it ie s  from th e e x p o s it io n  and haven w r itte n  d in s te a d  o f  th e  p a r t i a l  d i f f e r e n t i a l  d u f f  — )^) * Commenting on t h is  (A llan»1972) I  d if fe r e n t ia t e d  ( 3 .1 .2 )  as product o f  fu n c tio n s  to o b ta in
(3*1*3)
and noted th a t  i t  was d i f f i c u l t  to  in te r p r e t  what th e  p a r t i a l  d i f f e r e n t i a l s  meant in  p r a c t ic a l  term s. I
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th in k  Macdonald’ s  in s p ir a t io n  fo r  (3»1»2) comes from Boudon's (1969:221-227) paper in  which he makes th e  statem ent L e t  us examine a  ty p ic a l, l in e a r  equationsuch as x3 = V i  + a23x2 + e3The e f f e c t  o f ,  s a y , x-j^  on x^  i s  g iv en  by ta k in g  the p a r t ia l  d e r iv a t iv e  o f  X j  w ith  re sp e ct to  x ^ . T h is  d e r iv a t iv e  may he in te rp re te d  as th e r a t e  o f  v a r ia t io nin  X j  when x^ v a r i e s ,  th e th ir d  v a r ia b le  x^  h avin g a  f ix e d  v a lu e * In  th e  case o f  £ th e  above l in e a r  e q u a tio n ] , t h i s  d e r iv a t iv e  id  d x ,dxl = a13
As I  noted,  Macdonald«b id e a s , repeated i s  h is  (1973:75)» are e ith e r  taken from Boudon o r are v e ry  s im i l a r ,  so I  w i l l  o n ly  co n sid er the consequences o f  Boudon’ s P o s it io n . F i r s t l y ,  h is  d e r iv a t iv e  i s  wrong because 
x ^ i s  a  fu n c tio n  o f  x^ ,  as much as i s  x^ , fo r  th e v a lu e s  taken by x1 and x2 j o i n t l y  r e la te d  by th e jo in t  p r o b a b il it y  d e n s ity  fu n c tio n  f C x ^ x ^ ) .  S e co n d ly , and t h is  fo llo w s  from th e f i r s t ,  i f  the v a lu e  o f  x2 l a  f ix e d  so are th e fre q u e n cie s  o f  the p o s s ib le  v a lu e s
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of x^ and thus the value of the derivative will not 
he constant, Gcross the hoard. Thirdly, the derivative 
“ hut it is not a derivative - is the derivative of
despite of an possible reasons to the contrary, is 
a clear proof that the Boudon partial derivative is 
not that of the rest of mathematics.) This series 
of misunderstandings are a direct result of applying 
mathematics to variables the mode of which is sush 
that the operation of partial differentiation has yet 
to he defined. Unfortunately, at least one reasonable 
stricture upon the extension of the meaning of an 
operation is that in use the new use of the operation 
on new material looks as similar as possible to 
pre-existing uses of the operation - otherwise invent 
a new symbol and concept. Boudon's use falls down 
here, I do not have to go further to show that the 
partial differentiation of Boudon and Macdonald does 
not follow conventional mathematical usage. (Macdonald 
(1973.75) seems singularly unimpressed by the lack 
of convention in his use of the operation.)
the expected value of y with respect t^  
leads to the mathematical horror dx^ ^
. (This
; which
dy
D3 .1.2*
To go fu r th e r  we have to  co n sid e r  how two v a r ia t e s( v a r ia t e s , n o t e ,  n ot m athem atical v aria tJes) can be.ore.fu n c t io n a lly  r e la t e d . T h ey/related  v i a  the d e n s ity  fu n c tio n  f ( x , y ) ;  w ith  two v a r ia t e s  we do n ot have o n ly  the tw o-dim ensional space spanned by th e v a r id t e s  we have th re e  dim ensions where th e th ir d  dim ension i s  th e  p r o b a b il it y  d e n s ity  -  t h i s  i s  c a l le d  th e b iv a r ia t e  s u r fa c e . I f  th e two v a r ia t e s  are j o i n t l y  b iv a r ia t e  norm al, and we •look* down onto th e plane spanned by th e  two v a r i a t e s ,  w e'see' a  ' h i l l * .  Drawing contours to 'map* th e h i l l  we f in d  a B e rie s  o f  co n ce n tric  e l l i p s e s  — shown in  F ig u re  3 *1 .1 *
I f  we examine an e l l i p s e  i t  shows a t any p o in t the p a r t ia l  d e r iv a t iv e  as a tangent to th e e l l i p s e .  Theslo p e  sensed w ith y  as *up' f o r  any p a ir  o f  v a lu e s  i s
dy ss x  -  rv  » » • » . . . . ( 3 * 1 *dx r x  -  ywhere l i e  th e  c o r r e la t io n  c o e f f i c i e n t  ( t h e  p ro o f i s  l a  Appendix G ) . From (3.1.2*) we can work out th a t  a t the mean o f  x  (w hich i s  x = 0 ),  th e d e r iv a t iv e  i s  always ry/y = r  f o r  a l l  v a lu e s  o f  y .  T h is  I s  the
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d e r iv a tiv e  which agrees w ith th a t  o f  Boudon i f  he d e a lin g  w ith stan d a rd ized  v a r a ia b le s  taken a t t h e ir  mean v a lu e . I f  x  = 1 » the d e r iv a t iv e  i s  (1 -  r y ) / ( r  -  y) which v a r ie s  acco rd in g  to th e v a lu e  o f  y chosen -  t h is  can be v i s u a l l y  in sp e cte d  from F ig u re  3 .1 .1  .  As fo r  what th e c o e f f i c i e n t  a ^  o f  th e » in t e r a c t io n ' term ®i23x2X3 means 418 a d e r iv a t iv e  -  t h i s  i s  l o s t  in  c o m p le x itie s  •
F ig u re  3 .1 .1D e n sity  contours upon a  b iv a r ia t e  normal d is t r ib u t io n
It
3 .2 Multiplying Values of Variates
Ford and Box (1967:289) make a  t o ld  statem ent '«••  In  choosing between a lt e r n a t iv e  a c tio n s *  a person w i l l  choose th e  one fo r  w h ich, as p e rceiv ed  by him, th e (m athem atical) v a lu e  o f  £  x  v  i s  th e  g r e a t e r , where £  i s  th e  p r o b a b il it y  o f  th e  a c t io n  b ein g  s u c c e s s fu l in  g e t t in g  a g iv e n  rew ard, and v  i s  th e  v a lu e  o f  th e  reward . . . ' .  I t  i s  t h is  pow erful m athem atical statem ent th a t  th ey  ' t e s t 1 by use o f  m ainly 2x2 ta b le s  and e h i-6 q u a red . ( I n  f a c t ,  th ey t e s t  fo r  an e f f e c t  o f  p r o b a b il it y  and l i k i n g ,  but £  x  V i s  l o s t ) .  B la lo c k  (1969:155-165) a lso  mentions th e ude o f  m u lt ip l ic a t iv e  r e la t io n s  in  the m o d ellin g  o f  in t e r a c t io n ;  and in  d is c u s s io n s  o f  o r d in a l ly -  s c a le d  v a r ia t e s  the im p o s s ib il it y  o f  t e s t in g  fo r  in t e r a c t io n  i s  bemoaned, and any v a lu e  i s  regarded as a  la b e l  fo r  an o r d in a l ca te g o ry  as lo n g  as order I s  p re se rv e d . ( S e e  my unpublished paper in  Appendix E on t h i s  problem ). What seems to have happened I s  th a t  authors do not know, or have ig n o re d , th e d if fe r e n c e  between a v a r ia t e  and a  m athem atical v a r ia b le .
o
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Consider t h i s  m athem atical e x p re ssio n  :
Y = x * x  '.O'
T h is i s  a p e r fe c t ly  good ex p ressio n  -  Y has a v a lu e  which i s  eq u al to  th e v a lu e  o f  X -sq u a re d .Suppose, th ou gh , th a t  X i s  a  norm ally  d is tr ib u te d  v a r ia t e  s to  he tru e  fo r  v a r ia t e s  Y must be a c h i- squared v a ria te * ' In  p r a c t ic a l  te rm s, t h i s  means th a t  we cannot e n te r ta in  the tr u th  o f  (3*3-*5) -tT X i s  norm ally d is tr ib u te d  and Y i s  not d is tr ib u te d , as c h i-s q u a r e d .
I n  essence t h i s  means th a t  we ca n n o t, fo r  v a r ia t e s ,choose an form ula and estim a te  i t ,  u n le ss  th e  d is t r ib u t io n a lIn form ation  f i t s .  T h is  i s  alm ost th e  same as theconcern about dim ension i n  p h y s ic a l s c ie n c e . D e sp itethe occurence o f  id e a s  to  th e  co n tra ry  by somes o c io lo g is t s  concerned w ith  ’ m athem atical exp erim en tatio n ’(e g  R l  Hamblin) ; we would never countefnancethe ex p ressio n  E = mc^ and th in k  i t  m ight be ap o s s ib le  v ia b le  eq u atio n  in  th e  way we th in k  th a tE s  mc^ could  be v i a b l e .  E(energy) has th e dim ensionsL mT“ 2 ( l  = le n g th , M = m ass, and T « tim e ); m(mass)
>
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has dimension. M, and c( speed o f  l i g h t )  has dim ensions LT“ 1 * I f  E = me3 was to  he a t  a l l  f e a s ib le
L2MT” 2 would have to  equal ML^T ^
which i s  p e r fe c t ly  u n fe a s ib le . (C h eck in g  dim ensions shows th a t  E = me2 i s  a t  l e a s t  f e a s i b l e .)
I  have Ju s t  chosen in  ( 3 .2 A )  811 extrem ely sim pleexample anc^  i f  i t  i s  so complex fo r  t h is  sim ple
tc.exam ple, we have to |v e r y  c a r e fu l  i n  more complex form u lation s to  be w r it in g  s e n s e . I  do not f e e l  any more need be s a id .
In  t h is  th e s is  I  have attem pted to  produce a r a t io n a l  approach to  th e use o f  m athem atics and q u a n tita t iv e  methods i n  s o c io lo g y  and ,  although o ccu p a tio n a l ch o ice  and s o c ia l  m o b ility  have o n ly  appeared by th e s c r u f f  o f  t h e ir  r e s p e c tiv e  n e ck s , my a t t it u d e  has been th a t  I  s p e lt  out in  d e t a i l  in  th e  f i r s t  ch ap ter -  one can le a r n  a  l o t  from a  few exam ples, p ro v id in g  one has a cogent p h ilo s o p h ic a l p o s it io n . In  f a c t ,  my in t e r e s t  ih  th e m athem atics o f  s o c ia l  th e o r ie s  was o r ig in a te d  hy th e i r e  r a is e d  by my rea d in g  o f  th e  Ford and Box
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a r t i c l e .  ( I  could  have w r itte n  a th e s is  on th e v a rio u s  m athem atical shortcom ings o f  t h e ir  paper a lo n e , w ith  lo v e ly  words l i k e  ' l e v e l  o f  measurement' and 'A b e lia n  Groups' f r e e ly  s p a tte re d  around; But th ere  i s  more to  th e  use o f  m athem atics in  s o c ia l  th e o r ie s  th an  th e  mere s tr u c tu r e  o f  th e  th e o r ie s  — th ere i s  th e  whole panojSly o f  problem s o f  in fe r e n c e  and t e s t in g  th e se  t h e o r ie s . And, b e fo re  you t e s t ,  what do you th in k  i s  th e  r e la t io n s h ip  between your concepts and r e a l i t y  ?  And what i s  th e n atu re o f  r e a l i t y  ?) I
I  have ended w ith t h i s  ch a p ter w ith  what I  co n sid e it to  be some o f  th e  worst examples o f  uniform ed m athem atical l ic e n c e  in  th e lifce & tu re . They are not th e w o rst; y e t a t  th e same tim e th ey seem to  be damnable because th ey  lo o k  m ath em atically  s o p h is t ic a te d  to th e ingenuous. ( I  hope I  have shown th ey  are them selves d is t r ib u t io n a lly  in g en u o u s). One o n ly  has to read some o f  th e  examples o f  v a r ia n c e - s p l i t t in g  which abound in  th e  l i t e r a t u r e  — some in to  th e m il l ia r d s  o f  order o f  in t e r a c t io n  (e g  H ope,1971) ~ to  f e e l  th a t  i f  o n ly  th e  d is t r ib u t io n s  were s tu d ie d , many w orth less adventures would n evrr le a v e  b a s e .
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Something I  s ta r te d  w ith , and som ething w ith which 3  w i l l  end. S o c io lo g y  t r i e s  to  f in d  out whether " A l l  coppers are n a r n e r s " .
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AN INQUIRY INTO THE VALIDITY OF MATHEMATICAL 
METHODS USED IN EVALUATING THEORIES OF 
OCCUPATIONAL CHOICE
BY
t
G J BORIS ALLAN
APPENDICES
APPENDIX A
ON THE DIVERSITY OF METHOD 
- ESSENTIALISM SUPRA NOMINALISM
ON THE DIVERSITY OF METHOD -  Essentialism surraNominalism
In  h is  c r it iq u e s  o f  s c i e n t i f i c  methods P op p er, s t a r t in g  from a co n fu sio n  o f  P la t o n ic  Id e a lism  and A risto to ,le a n  R ealism  ( e g  P o p p e r,1965:31-3^) comes to  the co n clu sio n  t h a t  • • • • a l l  t h e o r e t ic a l  or g e n e r a liz in g  s c ie n c e s  make use o f  th e  same method, whether th e y  are  n a tu r a l or s o c ia l  s c ie n c e s * * * '( P o p p er,19 6 1:130-131). I wish to show: one, Popper wrongly d e s c rib e s  A r is to t ie a n  E s s e n tia lis m , and we ' can le a r n  from what i s  wrong in  P o p p e r's  d e s c r ip t io n ; and ,tw o, P o p p e r's  U n ity  o f  Method i s  n o n -e x is te n t and th a t M e th od o lo gical Nominalism ( i f  i t  e x iste d ) would le a d  to  no t h e o r e t ic a l  advance*
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l .A r i s t o t l e a n  R ealism
Popper d e fin e s  M e th o d o lo g ica l E s s e n tia lis m  asThe sch o o l o f  th in k e rs  . . .  founded by A r is t o t le  who ta u g h t th a t  s c i e n t i f i c  resea rch  must p e n e tra te  to  th e essence o f  th in g s  in  order to  e x p la in  them • ••' (Popper,1961s28 -  my em phasis, note ‘ e x p la in *  and n o t ‘ p r e d i c t ' ) ,  Popper^ comments on t h is  s ch o o l are s c a tte r e d  throughout h is  many works. I  w i l l  examine p a rt o f  h is  ch a p ter ‘ The A r is to t le a n  R oots o f  H eg elia n ism ' from Book I I  o f  'The Open S o c ie ty  and i t s  E n e m ie s ', (P o p p e r,1966) to  i l l u s t r a t e  th e e x te n t to  which he 'i s  in c o r r e c t . I f  i t  were o n ly  th a t  Popper were in c o r r e c t  in  h is  in te r p r e t a t io n  o f  A r i s t o t l e ,  th a t  would be r e l a t i v e l y  unim portant, but th e v e ry  f a c t  o f  the m is - in te r p r e ta tio n  i s  c r u c ia l  to  h i s  n o tio n  o f  th e U n ity  o f  Method.
£opper( 1966: 6) argues ' . . .  A r i s t o t l e 's  v e rs io n  o f  P l a t o 's  e s s e n tia lis m  shows o n ly  unim portant d iffe r e n c e s  •••* ,  when r e a l l y  th e  two are (th ough e s s e n t ia l id t s )
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at opposingends of a continuum. Plato’s essentialism 
consisted of trying to findgeneral »Forms’ within 
ordinary things, Idealizations which were somehow 
more Real than the ordinary things. Plato*s Forms 
- such as »Justice1, »Circularity* - are what 
philosophers often term Universals, in that many 
individual things (Particulars) can he described 
bjr them. A particular only exists in as much as it 
partakes of one or more of these Forms. Aristotle 
was concerned with «substances» ( which are particulars) 
and »accidents» of substances, wncre priority wasg 
given to the substances. In the Platonic scheme a 
particular only existed in as much as it represented 
one or more Forms: in the Aristotlean scheme a 
particular existed,and the accidents were derivative 
of the substance , only existing as accidents OF a 
substance. For Aristotle there were two questions 
of Being, of Essence: What is the being of things 
that exist in themselves (substances)?; and, What 
is the being of things that have to exist in another 
(accidents)? (A'dog’ is a dog, but'length’ can only 
be applied to a substance such as a dog.) In 
Aristotle’s Logic a substance is that which is always
subject and never predicate; for example, 'Karl 
Popper* cannot be used to describe anything apart 
from Karl Popper, but there are many things that 
can be used to describe Karl Popper - * accidents' 
such as he is a philosopher» A modern extension of 
this, which I feel would not be unacceptable to 
Aristotle, is to say these substances, these entities 
are real but there is a hierarchy of levels of 
belief such that it is easier to believe in the 
reality of Karl Popper than it is to believe in 
atoms being real - »Karl Popper' is more credible 
than a •muon' *
Closely allied to Aristotle's ideas concerning essence
is the analysis of change, and it is the Aristotlean
view of change which Popper next considers — I widh,however, to  am p lify  the d if fe r e n c e  between V<’h a t-q u e s tio n s
and W hy-questions. A W hat-question i s  ( t o  use anexample from PopperC 1961:29)) o f  th e form *Y/hat i sVImatter?' and, Aristotle holds, unanswerable by the 
deductive method — as was noted above a substance 
cannot be the pr&icate of a proposition, and to 
attempt to use other substances to predicate 'matter*
W ill  le a d  to an i n f i n i t e  r e g r e s s . Popper co n sid e rs  the v ;h at-qu estion  to  he m e ta p h y sica l, and says n a tte r  i s  what he says i t  i s ;  A r is t o t le  says the answer comes from in d u c tio n , knowledge o f  essences i s  not lAnate (o th erw ise  th e world would be tran sp aren t) but acq uired  by contem p lation  on the in fo rm a tio n  a v a ila b le  to  u s . U sin g  th e id e a  o f  a  h ie ra rc h y  o f  l e v e l s ,  vie can see th a t  th e essence o f  m atter c o n ta in s  the in fo rm a tio n  th a t  i s  composed o f  atom s, b u t m atter ( e g  a ta b le )  i s  more to us than a c o l le c t io n  o f  atoms - t h o u g h  S e lla rs(1 9 6 3 ) h o ld s  th a t  in  a cce p tin g  the r e a l i t y  o f  atoms we deny the r e a l i t y  o f  a ta b le !
A why—question is concerned not with the essence of 
a a substance, but with an explanation of what things 
are accidentally, as against v/hat things are essentially 
— why should a certain accident pertain to certain 
substance, what are the causes of such a thing 
happening ? It was for why-questions such as *Why 
do men philosophize ?* and 'Why do black-holes absorb 
all elecro-magnetie radiation ?' that Aristotle 
developed the other branch of his logic; that is, 
deductive logic exemplified by tie use of the Syllogism.
(N ote th a t we w i l l  never r e a l l y  be ab le  to  e x p la in  why b la c k -h o le s  absorb a l l  r a d ia t io n  u n t i l l  v>e know what i s  a  b la c k -h o le  : p a rt o f  the e s s e n t ia l  nature o f  a  b la c k -h o le  i s  r e f le c t e d  i n  th e  a c c id e n t •absorbs a l l  e le c tro -m a g n e tic  r a d ia t io n ') »
Popper (1961:29) g iv e s  a w h at-question  'What i sJ u s t i c e  and A r is t o t le  p o in ts  out th a t the b ein go r essence im p lied  i n  t h i s  s o r t  o f  q u estio n  ( i e j  theessence o f  an a ccid e n t) i s  pros hen e q u iv o c a l.( l i t e r a l l y ,  jfc means ' w ith re sp e ct t o .o n e , o f  many
meanings'.) »Being» is pros hen equivocal becausea c c id e n ts  can be s a id  to  have b e in g , but s o le ly
ti n  th a t  th e  b ein g  o f  an a c c id e n t can be understood with, re fe re n ce  to  t h e ‘proper» b e in g  o f  a  su b sta n ce . J u s t i c e  does not e x i s t ,  have i t s  b e in g , on i t s  own, fo r  j u s t ic e  can o n ly  be seen in  r e la t io n s h ip  w ith substances -  people : P la t o ’ s Form ( o f  J u s t ic e )  i s  more r e a l  than th e p e o p le . (Popper (1966:291) p o in ts  to  the many d i f fe r e n t  meanings o f  'puppy' -  bu t we can see th a t  the essences o f  th ese d i f f e r e n t  substances c a l le d  'puppy' are pros h en , where th e one to  whldfa they are r e fe r r e d  i s  a  young d o g .)
2 .Aristotle*s Study o f  Change
A r is t o t le  had a d o c tr in e  o f  fo u r causes o f  change ( where 'cau se* i s  not n e c e s s a r ily  an a ccu ra te  ren d erin g  o f  th e n ature o f  the fo u r ) ,  and he had th re e  p r in c ip le s  o f  change ( ie  r e q u is it e  p re -c o n d itio n s  th a t were n ecessary  i f  th ere  was to he change o f  a n y th in g )•The th ree p r in c ip le s  were : p r iv a t io n » the i n i t i a l  s t a t e ;  th e m a te ria l p r in c ip le , th a t which i s  changed; and the form al p r in c ip le , the s t a t e  towards which l±he change o c c u r s . For example co n sid e r the ed u cation  o f  a c h i ld  : the change i s  a change o f  the c h i ld  (m a te r ia l p r in c ip le )  from b e in g  in  th e  s t a t e  o f  b ein g  w ithout knowledge deemed s o c i a l l y  n ecessary  ( p r iv a tio n )  to b e in g  w ith knowledge deemed s o c i a l l y  necessary  ( form al p r in c ip le ) • My t y p i f ic a t io n s  o f  the p r in c ip le s  fo r  t h is  example are o b v io u s ly  rdpe fo r  argument, and t h is  i s  the v a lu e  o f  the A r is to t le a n  approach -  we im m ediately b egin  to th in k  about what i s  happening w ith  the change, ra th e r  than m erely d e s c r ib in g  e d u ca tio n a l attainm ent*Two th in g s  to notes the form al p r in c ip le  need not be immutable; and the * form' in  the form al p r in c ip le
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is not a Platonic Form, as Popper tends to suggest.
From these three principles Aristotle isolates two 
causes, the material cause and the formal cause —
I shall refer to them as the material factor and the 
formal state. Aristotle saw these as necessary butt 
not sufficient conditions for change/for you need 
something towards which to change and something 
which is changed but you need also an agent of change* 
(Privation is nojc really on the same footing as the 
other principles, indeed often one only discovers 
privation after change has occured. Miss Eliza 
Doolittle might not have realized that she was not 
an English—speaker.) The cause of change was called 
by Aristotle the efficient cause cf change, or the 
agent of the change, and this was also a necessary 
condition. All three causes are severally necessary 
conditions, and only jointly are they sufficient for 
any change. This is an important point : in the 
context of historicism it denies the superordinacy 
of the formal state or, as Popper would have it, 
Hegel’s destiny; and in the study of causality 
generally, it leads to the stricture that cause
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always accompanies e f f e c t  -  i f  th e e f f i c i e n t  cause i s  removed th e re  i s  no change t h is  n o tio n  has been r e -a s s e r te d  as the need fo r  the s p a t i a l  and tem poral co n tin g en cy  o f  cause and e f f e c t .
Compare t h i s  to Popper's ( 1968:59-60) c a u s a l a n a ly s is .« . . .  To g iv e  a  c a u s a l e x p la n a t io n  o f  an event means %to  deduce a  statem ent which d e s c r ib e s  i t ,  u s in g  as prem isses o f  the d ed u ction  one o r more u n iv e r s a l law s. to g e th e r  w ith  c e r t a in  s in g u la r  sta te m e n ts , the i n i t i a l  c o n d itio n s  . . .  The i n i t i a l  c o n d itio n s  d e scrib e  what i s  u s u a lly  c a lle d  the ••cause * o f  the event in  q u e stio n  . . .  And th e  p r e d ic tio n  d e s c rib e s  what i s  u s u a lly  c a l le d  th e ••effect" •••'  (Popper g iv e s  an example o f  how a  th read  breaks when a  2 l b  w eight i s  hung from i t ) .  G iven  the s c a th in g  c r i t ic is m  he makes o f  A r i s t o t l e 's  ca u sa l a n a ly s is , P o p p e r's  own c a u s a l a n a ly s is  i s  rem arkably s im i l a r .  Take h is  ca u sa l e x p la n a tio n  o f  the break ing o f  a thread : Element (1) i s  a  th read o f  t e n s i le  s tr e n g th  1 l b ;  Element (2) i s  a  s in g u la r  statem ent 'The w eight Put on t h i s  thread i s  2 l b s ' ; and Element (5) * s a  u n iv e r s a l statem ent ( s c a r c e ly  a law) »Whenever a
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thread is loaded with a weight exceeding that whidh 
is the tensile strength of the thread, then it will 
break*. Reworking this within Aristotle’s scheme 
The material factor is a thread of tensile strength 
1 lb; privation is the state of being unstretched; 
the efficient cause is a weight of 2 lb; the formal 
state is the breaking of the thread; and the final 
cause is a law of elasticity. The final cause, just 
noted, haa been a favoured aunt-sally because it 
smacks of teleology, whereas the finality comes 
from the final cause being a law (of nature, of 
society). In terms more akin tft those of Aristotle 
they are the regular and characteristic consequences 
or results that accompany the various efficient 
ceases, (in the context of the other causes and 
principles). I think that Aristotle’s scheme is 
equally as good as Popper’s, if not better, for it 
also directs us to look for the essence of the thread, 
what is the thread ?' It is through inductive, free- 
thinking exercises such as this that theories of 
matter were developed in the pre-crystallographic 
days - why did things stretch so far, but no further? 
We should remember that the thread stretches before
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it breaks, and that, if the weight is removed, the 
thread need not break. Popper«s analysis seems to 
suggest instantinaity or an immutable progress, 
whereas Aristotle*s analysis emphasizes that the 
change from privation to the formal state is dependent 
not only on the efficient cause, but also on the 
material factor (eg v;e don’t burn the thread),
Y/ithin Marxian exegesis there can be discerned two 
strands which, are relevant here. There are those 
traditionalists who believe, in exactly the way Popper 
is concerned to destroy, in Destiny — The revolution 
will, come, the capitalist collapse is at hand.There are those who fo llo w  what i s  more ak in  to a
# i
systems/cybernetie model, *... There^ is the fatuous * 
notion of the ideologists that because we ^Engels 
and l l a r x j deny an independent historical development 
to the various ideological spheres which play a part 
in history we also deny them any effect on history.
The basis of this is the common undialectical conception 
of cause and effect ns rigidly opposite poles, the 
total disregarding of interaction. The gentlemen 
often almost deliberately forget that once an '
historic element has been brought into the world by
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o th e r , u lt im a te ly  economic c a u s e s , i t  r e a c t s , can r e a c t  on i t s  environment and even on the cau ses th a t  have g iv e n  r i s e  to i t  . . . '( E n g e ls ,1893)•
3.Popper*s Unity of Method
T h is  s e c tio n  w i l l ,g iv e n  the p reviou s groundwork, argue a g a in s t  Popper*s u n ity  o f  method, and X wi l l  use h is  d is c u s s io n  in  'P o v e rty  o f  H isto ric ism »  as my s t a r t in g - p o in t . But f i r s t  I  w i l l  examine the E s s e n tia lis m  v s  Nominalism debate as conducted by P o p p e rd 9 6 l:a 6 -3 if)  ,  where a f t e r  a  s im ila r  s e r ie s  o f  co n fu sio n s about 'essen ce* and 'Form* he o s t e n s iv e ly  d e fin e s  s » . . .  M e th od o lo gica l e s s e n t i a l i s t s  are in c lin e d  to  form u late s c i e n t i f i c  q u estio n s in  such terms as *what i s  m atter ? *  ••• and th ey b e lie v e  th a t  a  p e n e tra tin g  answer to such q u e s tio n s , r e v e a lin g  th e  r e a l  o r  e s s e n t ia l  meaning o f  th ese  terms . . .  i s  a t  l e a s t  a n ecessa ry  p r e -r e q u is ite  o f  s c i e n t i f i c  research. . . .  M eth od ological n o m in a lis ts , . . .  ,  would Put t h e ir  problems in  such terms as *how does t h i s  p ie ce  o f  m atter behave ? "  . . .  For m ethodological n o m in a lists  h old  th a t  th e  ta s k  o f  sc ie n c e  i s  o n ly  to d e s crib e  how th in g s  behave, and su ggest th a t  t h is  i s  to be done by f r e e ly  in tro d u c in g  new terms wherever n ecessary  . . .  '(P o p p e r ,1961:29)• P h y s ic s  does not in q u ir e , he s a y s , in to  thn essence o f  atoms t he does not a ls o  say th a t  th e n o tio n  o f  atom o r ig in a te d  through
p h ilo so p h e rs co n tem p latin g  upon the essence o f  m atter : The whole panolply o f  B o h r's  i l l - f a t e d  Atomic Theory was a  d ir e c t  r e s u lt  o f  attem pts to  answer 'v/hat i s  an atom ? '  » g iv e n  c e r t a in  a sp e cts  o f  the behaviou r o f  m atter under v a rio u s  forms o f  e x c it a t io n .
I f  m eth od ological nom inalism  was indeed fo llo w ed  by the s u c c e s s fu l  s c ie n c e s  ( I  do not b e lie v e  i t  h a s ) ,  g r e a t  awareness would have to be shown, because t h e o r e t ic a l  a r id it y  could  e a s i l y  a r i s e .Apart from my p erso n al c o n v ic tio n  th a t  t h is  would te s o , I  f in d  support in  G ö d e l's  P ro o f (G odel,1962) and C r a ig 's  Theorem ( C r a i g ,1953). G odel showed th a t  in  any c lo se d  system  the co n sis te n cy  or otherw ise o f  th e system could  not be proved w ith in  the system , and h is  comments were d ir e c te d  in  p a r t ic u la r  a g a in s t th e h ig h lÿ  d e fin itio n a l (n o m in a list)  
Prlncipia M athem atics o f  R u s s e ll  and W hitehead. I  in te r p r e t  t h is  to mean in  t h is  co n te x t t h a t  i t  i s  im p ossib le  w ith in  nominalism to f in d  whether s e ts  o f  d e s c r ip t io n s  are c o n s is te n t ( i t  i s  always p o s s ib leto d e fin e  an atom in  one co n te x t as d if fe r e n t  from
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an atom, in a different context) ; corroboration 
is not a check o n  consistency. Craig's point is 
different, hut at the same time highly associated.
Craig showed that any prediction made by use of a 
theory, could be made just as accurately using solely 
observable quantities. For example! we do not need 
to know about the molecular theory of gases to use 
the Universal Gas Law; and we do not need any theory 
to perform a Path Analysis. (However! we need the 
molecular theory of gases to derive Van der Waals 
equation; and inhterpreting the path analysis we 
might be tempted to sav that a person's number of 
siblings 'causes' occupational prestige). Craig's 
result shows one of the pitfalls of
nominalism, the possible neglect of theory (though, 
as I said, I do not believe science is nominalist).
The classical Aristotlean distinction between induction 
and deduction is relevant here. Popper says that 
nominalism is concerned only with, deduction (and test 
of the deduction) and that essentlalism is concerned 
only with induction - Aristotle says that science 
(like life) is both inductive and deductive,and one 
informs the other* This brings us to the Unity of
a;i 6
Method, which, is •.». the methods in the two fields
jjaf natural and social science] are fundQmentally
the same ... The methods always consist in offering
deductive ca u sa l e x p la n a tio n s, and in  t e s t i n g  them
... the method of testing hypotheses is always the
same ...»(Popper,1961:131-132). Consider the implications :
the ‘method* is concerned only with the aspect I
have called ‘deduction*, (Popper conspicuously
disavows any interest in how a theory is developed);
and if the only criterion is testing, what of a
theory that is untestable now, hut may he in the
future ? (I refer to Popper’s ‘Refutation of
H is to r ic is m ’ -  see the Addendum). I can agree w ith
Popper th a t the t e s t in g  o f  theories^ i f  i t  a t  a l l
possible, is highly desirable; I cannot agree that
the testing of a predicted value of the frequency
of the next peak of high intensity radiation (uéing
an oscilloscope), is of the same type as the testing
of a predicted difference in the average levels of
alienation in two groups ( by taking samples from
within these groups)• Measurement error is not •
the same as sampling error.
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if.The E s s e n t ia l  Popper
I  f in d  i t  d i f f i c u l t  to  take Popper s e r io u s ly , but one has tc^ fo r  he has been so i n f l u e n t i a l .  Popper d ism isse s  e s s e n tia lis m  and o f f e r s  nom inalism ,bu t, because he cannot do otherwise^ he makes many e s s e n t ia l is t  p o in t s . The q u estio n  i s  the e s s e n t ia l is t  one 'What i s  an army ? » ,  and Popper does not e x p l i c i t l y  ask i t ,  but s ' . . .  Most o f  the o b je c ts  o f  s o c ia l  s c ie n c e , i f  not a l l  o f  them, are a b s tr a c t  o b je c t s ;  they are t h e o r e t ic a l  c o n s tr u c tio n s . (Even ' t h e  war' or 'th e  army* are a b s tr a c t  co n ce p ts , s tra n e e  as i tmay sound to  some. What i s  co n crete  i s  th e  many who are k i l l e d ;  o r th e men and women in  u n ifo rm ,e tc)  . . . '  (Popper,1961 s1 3 5). Concerning t h is  very  p o in t see th e d is c u s s io n  above about a h ie ra rch y  o f  l e v e l s ,  S e l la r s  denying the e x is te n c e  o f  a t a b le .
The advocacy o f  m eth o d o lo gical in d iv id u a lis m  i s  i t s e l f  an answer to  the q u estio n  'What i s  th e nature o f  s o c ie ty ?  ' .
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ADDENDUM s The R e fu ta tio n  o f  H is to r ic is m .
Popper p re se n ts a  p ro o f th a t  we cannot p r e d ic t  the fu tu re  course o f  human h i s t o r y , which a ls o  co n ta in s  an assumption th a t  human knowledge i s  synomynous w ith s c i e n t i f i c  know ledge. ( See  the P re fa c e  to  'The P o v e rty  o f  H is t o r ic is m ') .
T h is  p ro o f i s  su sp ect on one p o in ty  th a t  i s  th e i d e n t i f i c a t i o n  o f  human knowledge and s c i e n t i f i c  knowledge -  fo r  obvious re a so n s .
The p ro o f i s  in v a lid a te d  on another p o in t ;  i f  we cannot p r e d ic t  the course o f  the growth o f  s c i e n t i f i c  knowledge then we do not know that/ because o f  some new advance, we cannot a t some tim e in  th e fu tu re  p r e d i c t  th e p a tte rn  o f  grow th. (T h is  p ro p o s itio n  i s  tim e-bou nd).
The r e fu t a t io n  i s  i t s e l f  a  h i s t d r i c i s t  th e o r y , i t
• t.cannot be te s te d  and i s  damned by i t s e l f ,  was
yEpimenides who s ta te d  th a t  a l l  C reta n s are l i a r s .
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APPENDIX B
SCIENTIFIC REALISM IN SOCIOLOGY
SCIENTIFIC REALISM IN SOCIOLOGY
Scientific Realism is easily confused at a superficial 
level with (logical) positivism ( the philosophical 
position that only takes into account positive facits 
and observable phenomena) so I will discuss the nature 
of scientific realism and some of the ways in whidh 
it differs from positivist approaches. In the course 
of this I will isolate the empiricist error and 
the logicist error in scientific thought, and show 
how they are present in sociology. My thesis will 
be partly that; many of the mistakes in quantitap.ve 
analysis in sociology arise through a mistaken view 
of science.
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1 .S c i e n t i f i c  R ealism  and th e E m p ir ic is t  E rro r
My d is c u s s io n  o f  s c i e n t i f i c  re a lism  (b e lo w ), has been s tr o n g ly  in flu u n ce d  by Smart and G ra v e s , and X wish to make c le a r  my in t e l l e c t u a l  debt to th ese two. S c i e n t i f i c  re a lism  can be expressed in  terms o f  f iv e  main th e s e s (G r a v e s ,1971:7) which are :
(1) There i s  an e x te rn a l world independent o f  anyone*s sensory p e rce p tio n s o f  i t .(2) T h is  independent e x te r n a l world may co n ta in  e n t i t i e s  and p ro cesse s which d i f f e r  r a d i c a l ly  from what might seem to be obvious from sense p e rc e p tio n .(3) We can a t t a in  a degree o f  knowledge o f  t h is  world though never p e r fe c t  Knowledge. Things in  t h is  world are not by t h e ir  i n t r i n s i c  n atu re unknowable.
(b)  S c ie n ce  i s  an attem pt by human b e in gs to understand th e s tr u c tu r e  o f  t h is  e x te rn a l w orld . I t  seek s to go above Immediate e x p e rie n c e s , w h ils t  a t th e  same tim e e x p la in in gthem.
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(5) S c ie n t is t s  ach ieve (¿t) by d eve lo p in g  th e o r ie s  which p o s tu la te  t h e o r e t ic a l  e n t i t i e s  named b y t h e o r e t ic a l  terms -  hop ing in  d o in g h  t h i s  to  o b ta in  as c lo s e  a  correspondence as p o s s ib le  between t h e ir  e n t i t i e s  and th e  a c t u a l elem ents o f  th e  r e a l  w orld .
To accep t (1) i s  n ecessa ry  u n le ss  one makes r e a li i jy  dependent upon some p e r c e iv in g  s u b je c t , le a d in g  to  a  form o f  id e a lis m  i n  sc ie n c e  -  eg th e  s o l i p i s t i c  e a r ly  phenomenology o f  Blum and McHugh (s e e  t h e ir  c o n tr ib u tio n s  to D o u g la s ,1970). In  s o c io lo g y  th e main proponents o f  ( 1 ) have been in te r e s te d  in  so c iia l s tr u c t u r e , fu n c tio n a l a n a ly s is  and o th e r a sp e cts  o f  m acrosociology ; an in t e r e s t  in  s o c ia l  a c tio n  can be com patible with th e s is  ( 1 ) but has o fte n  le d  to  s u b je c tiv is m  and a r e i f i c a t i o n  o f  what the in d iv id u a l 's e e s ’ to  what i s ' t h e r e '  -  nominalism ra th e r  than e s s e n t ia lis m -p lu s . T h e sis  (1) i s  h e ld  by a l l  realism s/ where th e M arxian -E n g elsian  m a t e r ia lis t  p o s it io n  i s  a  c le a r  example -  s o c ia l  man i s  a product o f  h is  s o c ia l  and economic environm ent, but man's knowledge i s  u s u a lly  o f  the epiphenomena and not o f  th e tru e ■ basis.'
The acceptance o f  (1) t u t  the d e n ia l o f  (2) i sprobably the u su a l a t t it u d e  o f  the man in  th e s tr e e t*
P h ilo s o p h ic a lly  the r e je c t io n  o f  (2) i s  t r i v i a l ,as i t  has l i t t l e  exp lan ato ry  power; i t  r e q u ire s  th a tthe p e rce p tio n s  o f  any two people must be alm ost thesame, fo r  th ese p e rce p tio n s  must be images o f  thep e r fe c t ly  obvious tru e  r e a l i t y *  T h e sis  (2) encouragesd i a le c t i c  ( in  the sense o f  argum ent). K e a llyphenom enologists a s s e r t  a m o d ific a tio n  o f  ( 2) : fo r'e x t e r n a l' s u b s t itu t e  « in d iv id u a l's  view o f  t h e ' ;
tfo r  's e n s e ' s u b s titu e  't h e  s o c i o l o g i s t 's '  : 'The in d iv id u a l 's  view  o f  the world may co n ta in  e n t i t i e s  and p ro cesse s r a d i c a l ly  d i f fe r e n t  from th ose which seem to be d ir e c t l y  d is c lo s e d  in  the s o c i o l o g i s t 's
I *p e rc e p tio n '*  In  e s se n ce , th e n , one version^ the phenoraenologjst s main th se s  i s  subsumed in  th e s is  ( 2)*
To deny (3) i s  t y p ic a l  o f  K antianism  and and v e rs io n s  o f  l o g i c a l  p o s it iv is m . Kant argued th a t th ere  i s  no way o f  showing th at, an yth in g e x is t s  except the co n tin gen t ca u sa l phenomena o f  'e x p e r ie n c e '. However, he s a y s , we seem com pelled to th in k  o f  o u rs e lv e s  as fr e e  agents having a ' r e a l '  s e l f  ly in g  o u ts id e  the c a u s a l co n tin gen t scheme -  t h is  le d  .to  K a n t's  p le a  fo r  a 'h ig h e r ' m o r a lity .
a . 5Apart from i t s  moral o v e rto n e s , K antianism  has been very i n f l u e n t i a l  in  th e n a tu r a l s c ie n c e s . As an example, th e re  i s  the v ery  K an tian  n o tio n  o f  the p r in c ip le  o f  v e r i f i a b i l t y  ( not to he co n fu sed , so Popper s a y s , w ith r e f u t a b i l i t y ) ;  v e r i f i a b i l i t y  takes the id e a  th a t th ere  are nouema ( i e ,  ' th in g s -  in -th e m s e lv e s ') whose n ature i s  b a s ic a l ly  unknowable, and t h is  le a d s  to  th e id e a  th a t  th e meaning o f  any p ro p o s itio n  i s  to  be shown in  i t s  method o f  v e r i f i c a t i o n .  T h is  was K an t’ s way o f  e lim in a tin g  as m eaningless a l l  re fe re n c e s  to th in g s  not d ir e c t l y  a c c e s s ib le  to  o b s e rv a tio n ; m etaphysics was th e r e fo r e , because u n p rovab le , nonsense.
L o g ic a l  p o s it iv is m  grew out o f  a d e s ir e  by p h y s ic a l s c i e n t i s t s  o f  th e n in ete en th  cen tu ry  to do away w ith m etaphysics and anything th a t smacked o f  th e  a b s t r a c t . For example K ir c h o ff  denied th a t  s c ie n c e  e x p la in s  *hy th in g s  happen : he s a id  ( K i r c h o f f ,187^-) a s c i e n t i s t  sees in  every ’ why’ a ’ how’ ,  and th e s c i e n t i s t  d ico v e rs  new co n n ectio n s between phenomena but does not r e fe r  to u n d e rly in g  re a so n s . T h is  p o s it io n  i s  c lo s e  to the a n t i - p o s i t i v i s t  p o s it io n  o f  Popper, fo r  Popper w ith h is  d o c tr in e  o f  m eth od ological nom inalism  h o ld s th a t s c ie n c e  has advanced through ask in g  q u estio n s
such as '...how does this piece of matter behave ? 
(Popper,1961:29) - probably he has confused the 
practices of scientists with the nature of Science,( and not taken a very  r e p r e s e ta tiv e  co n cep tu a l sam ple)• I t  i s  a ls o  in t e r e s t in g  to compare t h i s  to  J i t t g e n d ie in * s  l a t e r  p o s it io n  i n  th e  'P h ilo s o p h ic a l  In v e s t ig a t io n s » , in  v/hich he c l a s s i f i e s  p h ilosop hy as d e s c r ip t iv e  ra th e r  than a n a ly ic a l .  He b e lie v e d  th a t  th e re  were no p h ilo s o p h ic a l problems as su ch , o r  ~ i f  th e re  were any problems -  th ey were m erely problems o f  l i n g u i s t i c  u sa g e . ( I  th in k  t h is  i s  in t e r e s t in g  because W ittg e n ste in *s  e a r l i e r  work — as e x e m p lifie d  in  th e 'T r a c ta te s  L o g ico -P h ilo so p h icu s*  -  i s  u s u a lly  taken as p o s i t i v i s t .  A lso  see  la t e r  con cern in g L o g ic a l  Atomism. )
»The S c ie n c e  o f  Mechanics* (M ach,1893) t r ie d  to apply K ir c h o ff* s  p r in c ip le s  : as an i l l u s t r a t i o n , .Mach s a id  atomic th eory can be u s e fu l to s c i e n t i s t s  when con sid ered  as a  m athem atical m odel, but we must not suppose th a t  atoms have a r e a l i t y  o f  t h e ir  own,( » . . .  in  N ature th ere  i s  n e ith e r  cause nor e f f e c t }  Nature m erely p ro g resses . . . * ) •  F o llo w in g  in  M ach's fo o ts te p s  K a rl Pearson wrote ( i n  1892) the vary
in f lu e n t i a l  »The Grammar o f  S c ie n c e » , and in  the Everyman e d it io n  (P e a r s o n ,193?) we read :' We know o u r s e lv e s , and we know around us an im penetrable w a ll o f  sense im pressions» There i s  no n e c e s s it y , n a y , th ere  i s  want o f  l o g i c ,  in  the statem ent th a t  behind sen se-im p ression s th ere  are " th in g s —in —themselves'* producing sen se-im p ression s* About t h is  super-sensuous sphere we may p h ilo s o p h iz e  and dogm atize u n p r o fit a b le , but we can never know u s e fu l ly  I t  i s  as w e ll to  remember P e a r s o n 's '. in flu e n c e  on th e development o f  s t a t i s t i c s ,  and t h is  may be one reason why s t a t i s t i c s  in  p r a c t ic e  has o fte n  been a n t i- t h e o r e t ic a l  o r  n o n -t h e o r e t ic a l.
Many l o g i c a l  p o s i t i v i s t s  have toned-down t h e ir  emphasis on a  com plete o b se rv a tio n a l/ co n ce p tu a l dichotom y, but th e n e o - p o s it iv is t  d o c tr in e  o f  o p e r a t io n a liz a t io n  (e g  Bridgm an,1927*1936) has fo o le d  many s o c ia l  s c i e n t i s t s  in to  ig n o rin g  the c o n c e p tu a l. Whereas o r i g i n a l ly  p s y c h o lo g is ts  t r ie d  to measure a  r e a l  in t e l l ig e n c e  fa c t o r  u s in g  t e s t s ,  a common contemporary p o s it io n  i s  »IQ i s  v/hat IQ t e s t s  measure (and end o f  th o u g h t) . Craig(1956) showed th a t we need not use t h e o r e t ic a l  terms to  p r e d ic t  new e v e n ts ,
fo r  we can accom plish the same w ith  m erely o b s e rv a tio n a l d a ta . T h is  i s  e f f e c t i v e l y  what i s  suggested in  A lla n  ( 197i+) : by b e in g  ab le  to  p r e d ic t  (p o o rly ) observab le even ts from o b s e rv a tio n a l d a t a , path  a n a ly s ts  th in k  th ey  have achieved •e x p la n a tio n * , which in v o lv e s  th e use o f  co n ce p ts .  Maxwell (1962) p u ts  the case fo r  r e t a in in g  t h e o r e t ic a l  terms p a r t ly  on th e im p o s s ib il ity  o f  d ir e c t  o b se rv a tio n  ( and many commentators would suggest th a t  in  a d d itio n  to  p h y s ic a l p ro sth e se s  such as m icro sco p es, th e re  are co n cep tu al p ro sth sse s  derived from th e  s c i e n t i s t s ’ t h e o r ie s ) . Maxwell (1962:7) w rite s  : » . . .  the p o in t I  am making i sth a t  th e re  i s ,  in  p r in c ip le , a  continuous s e r ie s  b eginn in g w ith lo o k in g  through a vacuum and £  goirçg down t o J  . . .  a high-pow er m ic r o s c o p e ,e t c .,  . . .  The im portant consequence i s  t h a t ,  so f a r ,  we are l e f t  w ithout any c r i t e r i a  which would enable us to  draw a  non—a r b itr a r y  l i n e  between ''observation*1 and "th e o ry " . . . ' ,
Maxwell d is c u s se  a  s e m i-h y p o th e tica l example about ^ s c i e n t i s t  c a l le d  Jo n e s . Jo n e s  n o tic e d  th a t  a c e r ta in  d is e a s e  was tra n sm itte d  by touch and p o s tu la te d  a mechanism based on 'c ro b e s ' -  minute l i t t l e  anim als
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c a rry in g  the d is e a s e . U sin g th e notion, o f  crobesJon es b u i l t  up a th eo ry  th a t  gave t e s t a b le  andv e r i f ia b l e  consequences. The p o s i t i v i s t s  d ism issedthe crobes as b e in g  p a rt o f  th e m etap hysical sphere :then however th e m icroscope was d isco ve red  and crobeswere observed . At t h i s  some p h ilo so p h e rs becamer e a l i s t s  ( i n  our sense) and o th ers  n a tu r a l phenom enologists.
These n a tu ra l phenomenonologists thought th a t as fa ras our senses were r e a l l y  concerned a  t h e o r e t ic a le n t it y  and an ob servab le p h y s ic a l o b je c t  have thesame s t a t u s , o r n e a r ly  th e same s t a t u s . A f a r  morer a d ic a l  co n te n tio n  was th a t  we had not observedc ro b e s , a l l  th a t  we had a c t u a l ly  observed wereshadows o r  images — so the crobes d id  not e x is t  asf a r  we are concerned.
However, to  re tu rn  to th e th e s e s . I f  th e s is  (¿t) i s  d en ie d , th ose who deny i t  might be m etaphysicians who f e e l  th a t  they have t h e ir  own key to r e a l i t y ,  or perhaps phenom enologists such as H u s s e r l. H u sserl f e l t  th a t i t  i s  not p o s s ib le  from the stan d p o in t or Methods o f  sc ie n c e  to a r r iv e  a t a  pure th e o ry , a th eory  independent o f  co n tin g en t e m p irica l f a c t s  -  they u s u a lly  id e n t i f y  ‘ s c ie n c e ' w ith n a tu r a l s c ie n c e ' ,
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a common s ta n c e . In  s o c io lo g y  phenom enologists do not tend to e s s e n t i a l i s t s  (su ch  as H u sse rl) but ra th e r  they tend to be e x i s t e n s i i a l  phenom enologists ( s im ila r  to S a rtre )  and t h i s  can le a d  to c e r t a in  confused th in k in g . Kote th e co n fu sio n  o f  the H u s s e r lia n  emphasis on t r a n s it u a t io n a l  understanding w ith th e S a r tr ia n  emphasis on e x is t e n c e , in  D o u g la s '(1970:x )  * *••• V/e must always b e gin  by stu d yin g  ••• m eaningful s o c ia l  phenomena on t h e ir  own ¿roun d s, b u t , tru e  to our g o a l o f  c r e a tia n g  a  s c ie n c e  o f  man's e x is te n c e  we must then seek an ever more g e n e r a l, t r a n s it u a t io n a l  ( o b je c t iv e )  understanding o f  everyday l i f e .  T h is  i s  the program o f  a l l  phenom enological and e x is t e n t ia ls o c i o l o g i e s . . .  '
T h e sis  ( 5) i s  in  p a rt a  complement o f  th e s is  (^) s I t  emphasizes th a t  th e correspondence between sc ie n c e  and r e a l i t y  i s  one o f  a t te n t io n  to d e t a i l  in  a l l  r e s p e c ts . T h is  in c lu d e s  the formal, a sp e cts  o f  the r e la t io n s h ip s  between the t h e o r e t ic a l  e n t i t i e s ,  where th ese form al r e la t io n s h ip s  must t r v  to  match r e la t io n s h ip s  in  th e r e a l  w orld . And t h is  le a d s  on to th e  n ext s e c t io n .
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2 .A n a ly sis  fo r  a  Purpose
The e m p ir ic is t  e rro r  noted above i s .d i s t i n c t  from ,y e t confounded w ith , the •l o g i c i s t  e r r o r ' ,  ( s e eG r a v e s ,1971:Chs 2 , 3 ) .  The l o g i c i s t  erro r i s  a veryp e rv asive  one in  q u a n tita t iv e  s o c io lo g y , (and in te r p r e ta t io n so f  s c ie n c e ) ; i t  i s  con tained  in  the n o tio n  th a t  ath eory must have the same s tr u c tu r e  as a  h ig h lydeveloped form al system o f  u n in terp re ted  c a lc u lu s .G e n e r a lly , proponents o f  t h is  approach in  s o c io lo g y  seem to  have an im p e r fe c t , s im p lis t ic  id e a  o f  what c o n s t itu te s  a  th eo ry  in  th e n a tu r a l s c ie n c e s , fo r  exam ple, th e re  i s  B la lo c k 's ( 1969:2) : ' • • •  I d e a l l y ,  one might hope to ach ieve a  com p letely  clo se d  d ed u ctiv e  th e o r e t ic a l  system  in  which th ere  would be a  minimal s e t  o f  p ro p o s itio n s  taken  as axiom s, from vihich a l l  o th er p ro p o s itio n s  could  be deduced by p u rely  m athem atical or l o g i c a l  reason in g  . . . '  (My em phasis).
Why should some s o c io lo g is t s  hold to th ese b e l i e f s  ?Perhaps one reason i s  the ir^Luence o f  the p o s i t i v i s t s  on th e ph ilosop h y o f  s c ie n ce  in  e a r l i e r  decades, and another, more e a s i ly  is o la t e d , i s  the 'su cce ss ' o f
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mechanics, in. p a r t ic u l a r ,  in  th e  p h y s ic a l s c ie n c e s .Coleman (1964*95) j u s t i f i e s  th e use o f  m athem atics
in sociology partly on the basis that : *••• rise 
of mechanics depended very greatly on the use of ... 
mathematical formulae to replace verbal statements 
like those of l  GalileoJ  ... A random page of any 
modern text in the mechanics of rigid bodies would 
indicate just how hopeless it would be to express 
mechanics in less formal or rigorous language •••*«In  d ir e c t  c o n ta s t to  t h i s  steffment o f  Colem an, th ere  i s  G raves' (1971:35) a s s e r tio n  th a t :  ' . . .  C la s s ic a l  mechanics i s  th e f i r s t  f u l l - s c a l e  p h y s ic a l th eory  w ith which a  stu d en t comes in to  c o n ta c t , and he ought to  be im pressed w ith th e  s im p l ic i t y , elegance^,. and power o f  i t s  s t r u c t u r e . I t  i 5 n a t u r a lly  tempting to  s e iz e  on i t  as an id e a l to which a l l .  s c i e n t i f i c  th e o r ie s  should tr v  to conform , and I  th in k  th a t t h is  i s  p r e c is e ly  what many fo r m a lis ts  have done. But to claim  as a m atter o f  f a c t  a l l  th e o rie s  do co n ta in  such an is o la b le  c a lc u lu s  would c e r t a in ly  be an unwarranted in d u c tio n  i f  based on c l a s s i c a l  mechanics a lo n e , and a c a r e fu l  stud y o f  o th er th e o r ie s  would show i t  to be f a ls e  • . • ' •
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Perhaps e q u a lly  r e le v a n t to  t h i s  l o g i c i s t  emphasis i s  the s ta tu s  o f  econometrics^ and experim ental and b eh aviou ral p sch o lo g y . These s u b je c ts  and t h e ir  apparent su cce ss  have made a  la r g e  im pact on Homans ( p a r t ic u la r ly  1967); Coleman( 1964) fo llo w s  h is  s e c tio n  on 'M ech anics1 by 'M athem atics as a  Language fo r  Economics' and B la lo c k  uses th e eco n o m etrician s' re c u rs iv e  eq u ation  approach in  most o f  h i s  p u b lic a tio n s »  The s t r a in  towards a x io m a tiz a tio n  ( c f  B la lo c k  above) can be cou n terp ro d u ctive  as Smart(1963»30) p o in ts  ° u t  î » . . .  very  few p h y s ic a l ( o r  oth er) th e o r ie s  have been a t a l l  r ig o itro u sly  form alized  • • • The rig o iirau s a x io m a tiz a tio n  o f  such a th eory as quantum m echanics i s  an alm ost i n f i n i t e l y  d is ta n t  g o a l . F u i^ e r m o r e , in  a r a p id ly  d ev e lo p in g  s u b je c t , such as modern p ly rs ic s , eny a x io m a tiz a tio n  would become out o f  d ate  alm ost o v e r n ig h t, and in  any case i f  i t  were a c t u a lly  used end were not a museum p ie c e , i t  would have a f o s s i l i z i n g  e f f e c t  on p h y s ic a l t h e o r y . . » ' .
sccidoo^sbs
Some quantitative^give the impression of being modern 
sociological 'logical atomists'. Logical atomism ■ 
was a philosophy strongly influenced by Russell and 
the younger Wittgenstein, which began to decline after
B . l k
1925» ( s e e  Urmston (1956) fo r  h i s t o r i c a l  d e t a i ls ) »R u s s e ll  had h im s e lf  been s tr o n g ly  in flu e n c e d  by th e ph ilosop h y o f  L e ib n itz  with, i t s  g re a t emphasis on the b a s ic  elem ents o f  knowledge, and i n i t i a l  development o f  sym bolic l o g i c ,  ( s e e  M idonick,1965:Ch£*2). When Vihitehead and R u s s e ll  (1910) had dem onstrated th a t th e  whole o f  m athem atics could  be subsumed under an axio m atic  system , R u s s e ll  cane to th in k  t h a t , as; t h is  ax io m atic  system  was so p e r f e c t , the world would have th e s tr u c tu r e  o f  t h is  l o g i c ,  * ••• the s tr u c tu r e  o f  th e  world would . . .  resem ble the s tr u c tu r e  o f  " P r in c ip ia  Mathematic a " . That i s  th e  sim ple argument o f  the p lo t  . . » • ( Urm ston,1956:7)• W ittg e n ste in ^  ( I 922) »T ractatu s L o S tc o -P h ilo s o p h ic u s ' was an e x ten sio n  o f  t h is  id e a , in  some r e s p e c ts , and was h ig h ly  esteemed by the l o g i c a l  p o s it iv is t s «  The p o s i t i v i s t s  took t h e ir  n otio n  o f  v e r i f ia b i l ' t y  from the 'T r a c ta tu s  . . « •  ; but* though W ittg e n ste in  d id  w rite  to understand a p ro p o s itio n  means to knowwhat i s  th e c a s e , i f  i t  i s  tru e  .  . » • ,  he h e ld  th a t  he had been g r o s s ly  m is-understood» In  fa ir n e s s  to  th e p o s i t i v i s t s ,  i f  W ittg e n s te in  was understood, i t  was h is  own f a u l t .  In  th e »T ractatu s  . . » •  he starts
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w ith The world i s  e v e ry th in g  th a t i s  th e c a s e .The world i s  the t o t a l i t y  o f  f a c t s ,  not o f  th in g s  and l a t e r  Even i f  . . .  every f a c t  c o n s is t s  o f  an i n f i n i t e  number o f  atom ic f a c t s  and every atomic f a c t  i s  composed o f  an i n f i n i t e  number o f  o b je c t s , even then th e re  must be o b je c ts  and atom ic f a c t s  « • » ' .
From t h is  v e ry  L e ib n itz ia n  a t t i t u d e , W ittg e n ste in  changed to a  d i f f e r e n t  p ostu re -  p h ilosophy was no lo n g er a n a l y t i c a l ,  i t  exp lain ed  n o th in g  fo r  i t  m erely d e s c rib e d . This/ the ' la t e r *  W ittg e n ste in , had an impact on the phenom enological sch o o ls  in  s o c io lo g y  ( p a r t ic u la r ly  h is  emphasis on la n g u a g e ) ,  and in  co n ju n ctio n  w ith  th e in flu e n c e  o f  J  L  A u stin  th ere  has a r ise n  th e  s p e ctre  o f  the ' l a y  s o c io l o g i s t '*  In  the p resen t id e o lo g ic a l  c lim a te  t h i s  chim era has an e g a lit a r ia n  appeal — the la y  s o c io lo g is t  i s  the o rd in ary  person who, because he has th e undisputed r ig h t  to have id e a s  about the s o c i a l ,  i s  on a par with the p r o fe s s io n a l s o c io lo g is t  ( o r  so some p r o fe s s io n a l s o c io lo g is t s  would have us b e l ie v e ) . F ollow ing on from t h is  r e i f i c a t i o n  o f  th e la y  s o c io lo g is t  th ere appears a n ich e fo r  the p r o fe s s io n a l s o c io lo g is t  -
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the professional sociologist is now a lexicographer» 
Austin saw that the ordinary person could^wrong 
(of course the eternal relativist - Winch for example 
- can always maintain that we are all correct) and he saw 
that the philosopher (ie professional sociologist) 
would always have to go beyond mere individual us^ E©©*(e g  A u s t in ,1957).
W ittg e n s te in 's  'd e s c r ip t iv e *  p h ilosop hy i s  c lo s e ly  ak in  to  th e  'p o s i t iv e '  ph ilosop h y o f  K ir c h o f f ,  Madh and K a r l P earson mention ed above : in  f a c t ,  much phenomenology and l i n g u i s t i c  a n a ly s is  has a g re a t d ea l in  common w ith p o s itiv is m  in  t h is  r e s p e c t . In  a  sense t h i s  i s  h a rd ly  s u r p r iz in g , fo r  both are not r e a l i s t  and a ls o  W ittg e n ste in  has been a  le a d in g  l i g h t  in  both s c h o o ls . Much has been made o f  the d if fe r e n c e  between the younger and o ld e r  W ittg e n ste in s  ,  as i f  th ere  were an e p iste m o lo g ic a l break o r  a  'r e v o lu t io n  ° f  c o n e e p ts '. Many do n ot agree th a t  th ere  was a c le a n  b re a k , and i t  i s  re le v a n t to th e r e a l i s t  view ­p o in t to  examine G e lln e r 's (  1959s 1^3) * ' ••• C* ®nem istake common to  both th e "T ra c ta tu s  . . . "  and the "P h ilo s o p h ic a l In v e s t ig a t io n s "  i s  1  th e su p p o sitio n  ■th a t th e re  i s  such a  th in g  as "s e e in g  th e world
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r ig h t" »  an a b so lu te  in s ig h t  w ithout in te rm e d ia ry , so to speak; . . . ' , (  compare t h is  to  the f i r s t  th ree  th eses o f  s e c t io n  1 )•
T ru ly  a to m is t ic a l  view s are ra re  in  s o c io lo g y  andmight be o f  th e form : ' I f  som ething cannot be expressedin  a sim ple m athem atical manner, i f  i1* cannot bemeasured, then i t  i s  o f  no v a l u e ' .  I t  i s  p o s s ib le
to read,' however, sentiments such as : *••• The kindso f  v e r b a l th e o r ie s  th a t  now predom inate in  th e s o d ia l
sciences seem much too complex to allow for mathematicalform u lation  . . . '  ( B la lo c k ,1 9 6 9 :2 7 ,my em phasis); andindeed « . . .  In  s o c io lo g y  . . .  th e  kin ds o f  v e rb a lth e o r ie s  and re se a rch  r e s u lt s  v/hich have been s e tfo r th  are so v ag u e ly  s ta te d  o r so weak th a t i t  i sd i f f i c u l t  to  tr a n s la t e  them in to  m athem atical language
and once translated they often f ail (sic) to show
an isomorphism with powerful parts of mathematics. . . * ( Colem an,1964•3» ny em phasis). R ath er than impugnnam athem atics ,  a s / to o l fo r  i t s  l im it a t io n s  at p re se n t, both th e above a t o m is t ic a l ly  use t h i s  to  q u estio n  the v a l i d i t y  o f  s o c ia l  th e o r ie s  fo r  t h e ir  la c k  o f  correspondence w ith 'p o w e rfu l' ( ? )  p a r ts  o f  m athem atics. I t  i s  in t e r e s t in g  to  co n sid e r th a t many p a rts  4#
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o f  m athem atics were developed because th e re  were no co n ve n tio n al methods to  d e a l w ith the problems posed ■ by c e r t a in  s c i e n t i f i c  th e o r ie s  -  a  t r i v i a l  example i s  th e development o f  B o s e -E in s te in  and F erm i-D irac s t a t i s t i c s  • fo r  energy l e v e l s  o f  atom s, and occupancy by e le c t r o n s . *S c i e n t i f i c  re a lis m  im p lie s  in t e n t io n a l i t y  in  a n a ly s is ,( in t e n t io n a l i t y  = fo r  a purpose)\ and t h is  means t h a t ,  thoughs c i e n t i f i c  re a lis m  encompasses a l l  s c ie n c e s , the e'f/re su lts/ a n d  methods r e s u lt in g  from yth a t a p p lic a t io n  o f  re a lism  w i l l  d i f f e r  acco rd in g  to th e n ature o f h  the r e a l i t y  stu d ie d  by th a t  s c ie n c e .
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PUBLISHED WORKS - G J Boris Allan
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The fo lio w in s  l i s t  i s  composed o f  p u b lic a t io n s  whose o r ig in  was th e  id e a s  con tained  i n  t h is  t h e s i s .  They are r a th e r  more e m p ir ic a lly -b a s e d  th an th e  co n ten t o f  t h i s  t h e s i s ,  and are b e s t seen in  tandem.
1972
•A comment on » 'M o b ility  and work s a t is f a c t io n *  *A comment» '•  BSA Maths and Computing A p p lic a tio n s  Group N e w s le tte r .
"Laws and C a u sa l M o d e llin g  — Some im p lic a tio n s  o f  a  s c i e n t i f i c  approach». E ssays in  S t a t i s t i c a l  S o c io lo g y ,1972»
1973"Some im p lic a tio n s  o f  th e use o f  an American L i f e  S a t is f a c t io n  R a tin g  S c a le  on B r i t i s h  S u b je c ts » .P ro ceed in gs o f  th e 11th In t e r n a t io n a l Congress o f  G e ro n to lo g y , K ie v , USSR (w ith  Dr A B i g o t ) ."L in e a r  models o f  p ro ce sse s: An attem pt a t s y n th e s is " . 
Sociolog ic a l  Review Monograph, 19*"The e f f e c t s  o f  d i f f e r e n t i a l  f e r t i l i t y  on sam pling in  s tu d ie s  o f  in te r g e n e r a t io n a l s o c ia l  m o b il it y " . S o c io lo g y ,( w ith B i l l  Bythewcy) •
C .2
"Path Analysis - A cautionary note»* Sociological 
Review  ^( with Roy Mapes) •
I9?if
"Simplicity in Path Analysis'*. Sociology»
1975 ♦
"Up the path analysis". Sociology.
1976 ( forthcom ing)
"Ordinal-scaled variables and multivariate analysis". 
American Journal of Sociology.
A l l  jo in t  works are t r u ly  j o i n t .
APPENDIX D
ESTIMATING A PROPORTION
d ; i
e s t im a t in g  a  p r o p o r t io n
1» N otation
A p o p u la tio n  can s p l i t  in to  e x c lu s iv e  s e t s  G and Sw ith th e p o p u la tio n  b ein g  th e s e t  U* The number o fin d iv id u a ls  in  a  s e t  i s  shown by n ( U ) ,  n(G) and n ( 5 ) .We c h a r a c te r iz e  th e  p o p u la tio n  by a  param eterp = n(G) and a  fu r th e r  param eter q ** n(G) = 1 -  p n( 0) n(U)A s u b -s e t o f  U i s  observed ( t h e  sample S) ,  S C  U.'The number o f  in d iv id u a ls  in  th e in t e r s e c t io n  o f  Send G i s  R = n ( S A G ) ,  ( i e  th e number o f  in d iv id u a lsAn th e sample who are members o f  G ) . N *  n(S) i s  th enumber o f  in d iv id u a ls  in  the sample S .
2 .  P r n b l P T f l
I s  th e re  a  • b e s t’ estim ate  o f  p and q on th e  b a s is  o f  th e  in fo rm a tio n  in  the sam ple.
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3 . The sam pling d is t r ib u t io n o f  P
From the b in o m ial theorem , g iv e n  a  p o p u la tio n  p r o b a b ility / p r o p o r tio n  p and a  sample s iz e  N , th e  p ro p o rtio n  o f  c a se s  ( i n  th e  lo n g  run) fo r  which we w i l l  observe R in d iv id u a ls  from s e t  G i s  p r(R jN ,p ) where
p r(R :N ,p ) = N! PR(1 ~-£lN~R (3.1)R! (K-R57
(NJ i s  f a c t o r i a l  N ).  T h is  i s  in te r p r e te d  to mean th a t  the p r o b a h ilit y  o f  o b se rv in g  R members o f  G , g iv e n  a  sample o f  s iz e  N and a  p o p u latio n  param eter p ,I s  g iv e n  by th e  KHS o f  (3 .1 )«
h i  G h lassed  e stim a te s o f  p
The unb iassed estim a te  o f  p i s  Pu
Pu ** R/N ( ^ .1 )
b u t i n  c a se s  o f  s m a ll N i t  i s  alw ays p o s s ib le  fo r  R to  be eq ual to  z e r o , when from o th e r c o n s id e ra tio n s
and»otth e param eter is / z e r o , ( e g  eq u atio n  (3 .1 )
I is
theoretical knowledge). This¿shown when an attempt 
is made to estimate a function of p» in particular 
the estimatd/n of the sampling variance ( p(l-p) 
with p„ substituted is zero when p «* 0 ) and the 
logit transform 9» where
6 a l o e ^ j
I f  pu = o o r p u  *  1 ,  th e r e s u lt in g  l o g i t  transform  i s  p lu s  o r minus i n f i n i t y ?  fo r  t h is  reason^ and consaiderations o f  u n h iassed n ess,  wo estim ate  the 'e m p ir ic a l' l o g i t®u by
% = iosfJR±l )lN -R + ij
I t  re q u ire s  l i t t l e  a r ith m e tic  to show th a t  th e  estim ate  o f  p t d eriv e d  from th e unbiassed l o g i t  i s  plu
pl u  *  CR+*)/(N+l) U *2 >
I h l s  a lso  th e estim a te  which can he found from c o n sid e ra tio n s  o f  'c o n t in u it y ' c o r r e c t io n s .
5• Maximum lik e lih o o d  e s t i m ation of_J3
The maximum l ik e lih o o d  co n ve rts  0 . 1 )  in to  a  l ik e lih o o d
L (p *:N ,R ) = K p * ^ < l  -  P*) N-B ( 5 .D
where p» is now a variable and R fixed. Maximum 
likelihood methods find that value of P* which 
maximizes (5*1)» snd this value is Pm
Pn = B/H ( 5 .2 )
Pa is suspect in the same way as pu*
6» B a vesian  e s tim a tion o f  P
The B ayesian  methods convert th e  l ik e lih o o d  o f  ( 5 .D  in to  a  p r o b a b il it y  d e n s ity  o f  p* *
f(p * )  a K() p«R( l  -  P *)N~R
( I  am u sin g  a uniform  p r io r  d is t r ib u t io n !  the estim a
plu can r«sult if a different prior is used - this 
was shown by Fisher). The constant K() is chosen to 
make the total density unity. (6.1) is the equation 
of a beta distrihutioh and the mean of this distribution 
of p* is
Pb = (R+l)/(N+2.)
(The mode of this distribution gives Pa). Pb has the 
advantage. . of not leading to estimates of pb = 0 or 1, 
but has the disadvantage that (Pb) i® not the same 
as(p )b (the Bayesian estimate of p ).
?. Middle likelihood ar Median Distributional, estimates. 
Of JJ.
The median o f  a  d is t r ib u t io n  under a  fu n c t io n a l on e-to -o n e tra n sfo rm a tio n  i s  e x a c t ly  tran sfo rm ed . S o , th e r e fo r e , I  would su g ge st th a t  th e  median o f  the d is t r ib u t io n  o f  (6 .1 )  -  o r th e v a lu e  o f  p* i n  (5*1) which s p l i t s  th e  a re a  under th e  l ik e lih o o d  curve in  h a l f  -  the median i s  a good measure to u s e . The median can be found a n a ly t ic a l l y  but fo r  most purposes I  have found th a t  i t  can be c lo s e ly  approximated by
D.6
PQ = (R+Jf)-/(NHfi) ( 7 . D
T h is g iv e s  estim ates which are ve ry c lo s e  to those  
o f plu  ,  but i s  c lo s e r  to  the a n a ly t ic a l  median.
8» Example
Take the extreme example R=0 end N=5.
p a o*u
P lu  = .083Pn *  0Pb = . 1 «
Pq * .109
The median o f  the b e ta  distrib u tion  i s  .149 ( * y  a n a ly t ic a l  
methods)*
9 . F in a l comment
I f  we have two samples o f  s iz e  N* th e o n ly  estimates^ 
on the two samples combined which equal th e average  
o f th e two separate sample estimates^ are p^ and Pm.
For the o th er th ree estim ates we fin d  the e f f e c t s
D .7
of the coarseness of our observed data, which I 
think is an admirable virtue.
APPENDIX E
VARIOUS UNPUBLISHED PAPERS -  G J  Boris Allan
The following papers are concerned with various 
aspects, one extends my papers on social mobility 
and path analysis, and two are concerned with 
what enters the analysis — they play great emphasis, 
as I have throughout this thesis, on the importance 
of specifying underlying distributions, All are heavily 
influenced by my scientific realist philosophy.
They are concerned with practical matters, where this 
thesis has attempted to argue a cogent theme at a 
more abstract level - J  L Synge in "Talking abojtt 
Relativity" p 13
' As a matter of fact, there is always some 
fuzziness about a concept, and one of the main 
differences between ordinary life and science is that 
scientific concepts are less fuzzy. But they are 
fuzzy nevertheless. It is only in mathematics that 
we find clear-cut concepts, and it is probably thidL 
inhuman characterAistiK that makes the subject 
repellent to many people.
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For a 2 x  2 t a b l e ,  v/hen th e  v a lu e s  of £ and Y u le 's  Y Eire
averaged ( to give an estimate of the ’true’ value Of Kendall’s
Tau) and'this mean value is transformed by a sine-transformation,
the transformed value is a very good estimate of the bivariate
normcQ. correlation of the table, .For an £ x C contingency
table, when the (R - 1)(C - 1) different estimates are
averaged the accuracy of the estimate resulting is A r e n & & *h i ^ h . ■ -
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tiie bivariate hcbmal cobfzl atioit of a cq:;ti:-:'je:;cy
t a b l e
IKTRODU CTION
Often when we examine a tv.o-by-tco (2x2) table we 
can conceive of a bivariate normal distribution 
upon which we have placed a double dichotomy. That 
is, v/e suppose that v;e have an underlying bivariate 
normal distribution (eg of X and Z)and that v;e are 
only able to distinguish between values of X 
greater than or less than a certain (usually unknown) 
value - and similarly for Z. For specific values of 
the bivariate normal correlation Karl Pearson ( Tables 
for Statisticians and Biometricians , Vol I I  long 
out of print) provided tables which show, for specific 
marginal proportions, the proportions in the cells of 
the table, (actual use involves .wring interpolation 
for values between the specified values). This is 
Pearson's method of tetrashoric correlation, where 
the proportions in the cells are obtained by expanding 
the tctrachoric series, (Kendall and Stuart,1969i1-0- 
161; 1973:316-319). However, for two medial splits
2the tetrac’iorxc series expansion is identical to a 
trigonometrical expansion; that is, the psychotic ^rician's 
* cosine—ni* formula, which cotisâtes the bivariate 
normal correlation "by :
PS'i'J«<U£ feet 
« (jiinfc- P * COS JaZT•ad + jDC
where a b c and d have their conventional meaning for•_ M M
a 2x2 table (there is a very clear discussion in Guilford 
and Fruchter(197^:500-^06); the psychometric issue 
can be followed by examining their references).
It is a simple natter to chow that this is equivalent 
to :
®o that it is immediately obvious that s
. where Y is Yule's coefficient of colligation.
This has a clear family resemblance to the estimate
o f  th e  b i v a r i a t e  norm al c o r r e l a t i o n  based  on K e n d a l l 's  
tau, T :
( K e n d a ll,1970:C h s 9 ,1 0 ) . . I n  th e case o f  a 2x2 ta b le
tau(b) is equal to g (phi-the product-moment correlation
for binary data , Kendall £1970:^3-^5».. It tO.es very
little arithmetic to show, for two redial splits, that
Y a g x this reinforces the family resemblance.■ »
THE ESTIMATES FOE 2>:2 TABLES
The estimation using Y ( for non-ueaial splits) over­
estimates ; the ftrue^ correlation is a lower bound.
This is because Y is Fur^C7  a function of the cross- 
product ratio - and is unaffected by arbitrary 
multiplications of the numbers o.f row or column 
elements, (Yule,1912;Edwards,1963). This, in a sense, 
leads to the the maximization of the estimate of the 
association being achieved no matter what the r.argir^ 'Sj 
proportions. The estimation using £ (for non-meiial 
splits) underestimates ; the true correlation is 
an upper bound. This is probably because {? is a
bc o r r e la t io n  d e r iv e d  from a  l i n e a r  r e g r e s s io n  v .ithh c t e r o s c e d a s t ic  r e s i d u a l s ,  so t h a t  th e  estim & *e o fth e  c o r r e la t io n  i s  n o t as h ig h  as i t  sh o u ld  ho ( egsee G o ld b e r g e r ,1 3 7 2 :2U9-2 5 0 ; J o h n s t o n ,1 9 7 2 :1 7 6 -1 8 6 ,21ir- 2 ? l ) .  How ever, i f  th e  e s tim a te  o f  th e  b i v a r i a t e  C r & r ffc lo .t io i’N.n o rm a l£ v ia  th e  s i n e - tr a n s fo r m a tio n , u s in g  g  f o r  T , ten d s to  u n d e r e s tim a te , th e u n d e r e s tim a tio n  i s  much l e s s  than  u s in g  g  as s u c h ,( i t  i s  as v/ell to  remember th a t  g  i s  n o t o n ly  th e  product-m om ent c o r r e l a t io n  o f  a  2x2 t a b l e ,  b u t i t  i s  a ls o  th e  c a n o n p ic a l c o r r e l a t io n  f o r  t h a t  t a b l e ) .  I f  v;e have a v a i l a b l e  p u b lis h e d  v a lu e s  o f  g  ( Cg B l a lo c k , 1 9 6M 72-77) v:e can  r e a s o n a b ly  tra n sfo rm  th e s e  veCLues/ i f  th e  b i v a r i a t e  norm al h y p o th e s is  f i t s .  (T ra n sfo rm a tio n  t a b le s  are  a v a i la b le  on r e q u e s t ) .
F or any 2x2 t a b le  we can c a l c u la t e  two c o r r e l a t i o n s ,* y  and r^  , w hich are  upper and low er bounds to  th e  v a lu e  o f  th e  b i v a r i a t e  norm al c o r r e l a t i o n .  F r e q u e n tly  i t  i s  n o t s u f f i c i e n t  to  p ro v id e  upper and low er bounds f o r  a  c o r r e l a t i o n ,  f o r  v/e need a  p o in t  e s t im a te . The Problem  i s  w hether (an d how) to  ave rag e Y and g  in to  one v a lu e  -  w hich we e ig h t  c a l l  an e s tim a te  o f  th e  'tr u e *  v a lu e  o f  ta u  f o r  th o  t a b le  -  o r  w hether to  tra n sfo rm  £  and g  and th en  ave rag e t h i s  p a ir  o f  v a lu e s .
5In most cases the approach by transforming tne true 
value of tau agrees closely with the value ottainea, 
by use of the second approach# As the first approach 
gives the true value of tau as a direct by—produce,
I recommend that approach#
*
EXTENSION TO All ExC TABLE
It goes without saying that if we have an ExC table
we lose an amount of information by collapsing it into
a 2x2 table. Mo matter how accurate our estimate of
the bivariate normal correlation of a 2x2 table, we
know very v/ell that differing ways of collapsing
tables will give rise to different estimates, perhaps
not differing greatly from each other but still
differing (eg Lancaster end K arad an, 19 6^ ! 537) • ToW i 18»
collapse in one way only is frivolous C ¿I information, 
really we need to find some way of averaging ell these 
differing values (for an ExC table there are (E-1)(C-1) 
different values to average),
Some values will be ‘intrinsically of greater accuracy 
than others s at one end of tho continuum is the case 
of two medial splits and at the other (useless) end
6there is the insoluble case where one cell is empfcyj 
(I say insoluble because it could be empty through 
not having a large ¿nough sample, or througn a form 
af exact relationship). As the standard errors are 
unknown for this measure, I posit that, if each 
estimate of true tau is weighted by the size of the 
smallest cell number, this is reasonable/for the total 
sample will remain identical for each, and true taus 
estimated in the case of zero cells will not contribute 
to the final average true tau. ( which is then transformed) •
EXAMPLES OF ESTIMATES FOR 2x2 TABLES
Karl Pearson (Tables for Statisticians and Bionetriciens, 
Vol II) Cives some examples for the calculation of 
the tetrachoric correlation, end it is these examples 
I v/ill use in this section.(Because of . the difficulty 
in obtaining these tables, I v/ill supply those interested 
v/ith copies) .The results of applying my true tau 
method, are compared with the values given by Pearson’s 
tetrachoric method. As can bo seen the agreement 
between the true tau (transformed) estimate and the 
tetrachoric estimate is very high, even in the case 
noted where the marginal proportions wore very
7'strange* - tut the robustness of the method is shown 
more clearly in the next section, (see Table 1).
• t
EXAMPLE OF AM ESTIMATE 10R AH B>:C TABLE
The Ii>;C t a b le  co n sid e re d  h e re  i s  a  7x7 t a b l e  w hich d is p la y s  a  b i v a r i a t e  norm al s u r fa c e  w ith  r  = *5»
Eumbers in’the cells arc rounded to the nearest whole 
number so,though almost a bivariate normal surface, 
it is not quite bivariate normal. This table . 
originally appeared in Pearson and Keron( 1915*'2 0 0 ) , 
end was one of the examples used by Richie-Scott( !S?l8j 125) 
This table is reproduced here as Talle2, and I would 
ask the reader to note that s i x  o f the cells are 
eraPty. In Table J> I show the estimates of true tau 
for each 2x2 (collapsed) table, and if it is remembered 
the value of tau corresponding to r= .5 is .333» then 
examination of this table in conjunction with Table 2 
V/ill reveal a remarkable stability of estimate.•-o
♦**«**#«#**TA3Lrs 1,2,3 ABOUT HERE!!!!! .
The ran g e in  v a lu e  of e s tim a te  of tr u e  ta u  i s  . 3 H  
to ,_3M +*oryin term s of c o r r e la t io n s , . 1 to  ,5 1 k  -
8.
this, I submit, is as high an accuracy as could be 
reasonably expected» (Eichie—Scott has totracnoric 
estimates which range iron » 9^8 to »510,but he does 
not consider all possible 2x2 tables — in fact none 
of his marginal distributions are really «strange1.
In the cases of the two extreme estimates in Table 3» 
the marginal distributions; and the numbers in the 
cells are «strange«• Richie-Scott{1919J125-129) 
suggests a method called enneachoric r wnich varies/ 
in estimate of correlation for the entire table, 
from .467 to .517.) My estimate of the correlation 
of this table - weighted by the size of the number 
in the smallest cell - is A \9?. (tfell within the 
rounding error of the cell-numbers).
THE CASE 0? ONE FIXED MARGIIi
In some case$ such as the relationship between
Vaccination and recovery from smallpox, the distribution
of the values of one of the variables is not random, r*efcie it is^fixed. For example, the proportion vaccinated 
depends upon vagaries of chance or choice : however, 
the conditional recovery dependent upon vaccination 
in a part of the process, for the number who recover
9is dependent upon the number who ore vaccinated.(Triis 
is the crux of the arcuraent between Yule and Pearson#) 
In such cases I would suggest tha*t the {£ - based 
conditional measure is used in place of ie Soir.er's 
( asymmetrical) d-coefficier.t#
/•
TABLE 1  :
ESTIMATES OF TEE B IV te,tARIAT2 EOSKAt* CORRELATION
FROM $ FROM Y FROM ’TRUE' 
TA*J
.2 0 3.¿ 0 7.9 5 5.0 3 3
•05k.2 3 1.3 6 1.i t 5 l. i f  61.5 5 6
.80 0•9h3
TETKACI203IC
• 20k
• k l  0 
.956 
.038  .0 5 ^
.232
.365*.**52
61 
.537 
.800 .9**6 •
M a rg in a l s p l i t s  f o r  t h i s  c x s n p lc  ora .7 / .5  »»d
TABLE 2 :b iv a r ia t e NORMAL SURFACE WITH r  = .51 2 3 *+ 5 6 7 TOTAL1 7 20 5 2 0 0 0 352 21 l«+5 79 36 10 9 l 3013 6 9*+ 85 5«+ „19 22 k 28«+
k 2 32 39 31 12 17 k 1375 0 18 , 28 25 11 18 5 1056 0 11 22 2«+ 12 22 7 987 0 2 6 8 5 13 7 i+1TOT 36 322 26«+ 180 69 .101 28 1000
4♦
«
TABLE 3 • s? ESTIMATC3 OF TRUE TAU \\ITH FOIETS OF DICHOTOMY AT H AMD KN ' v  h K \ 1 ,2 2 ,3 3 , it i t .5 5 ,6 6 ,7
1 ,2 .329 .317 .3 2 3 * » *2 ,3 .3 2 3 .3 3 1 .329 - .329 .3 3 2 .3 4 43 ,4 .333 .330 .3 3 2 .3 3 0 .3 3 0 .31**4 ,5 « .3 3 3 .3 3 2 .33** .3 3 6 .3 1 25 ,6 • .329 .326 .3 3 0 .331 .3316 ,7 * .339 .3 2 1 .33it .3 4 2 .3 4 1
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PATHS 0?, DIVERSIONS ?
Via. th e  -path a n a ly s is  Q 1
G J  B o r is  A lla nS c h o o l o f  S o c io lo g y  M anchester P o ly t e c h n ic
T h is  i s  a  r e v id io n  o f  a  paper p re se n te d  to  th e  BSA Maths Conput5.ng and S t a t i s t i c s  Group a t th e  U n iv e r s it y  o f  S u rre y  ( A p r i l  197*+). The paper was e n t i t l e d  s in p ly  t "Up th e  p a th  a n a ly s is " *
paths oh d i v e r s i o h s  ? _  up  t h e  p a t h  a n a l y s i s  ( i )
l a  " S im p lic it y  i n  P a th  A n a ly s is » ’ (SP A  -  .A llan ,1 9 7 **a) I  p re s e n t a method f o r  th e  a n a ly s is  o f  s e t s  o f  o b s e rv a b le  v a r i a b l e s ,  where these o b se rv a b le  v a r ia b le s  c o -v a ry  and a re  supposed to  r e p r e s e n t i n  some v/ay th e  co n ce p ts  o f  an u n d e rly in g  c a u s a l p r o c e s s . I n  one sen se the method i s  a k in  to  p a th  a n a ly s is  f o r  i t  u s e s  as i t s  b a s is  a  c o r r e la t io n  m a tr ix  and i s  a method v/hich a s s i s t s  i n  th e  t e s t i n g  o f  cau sa l in fe r e n c e s  ( t h a t  o ft e n  p a th  a n a ly s is  i s  used to  produce c a u s a l in fe re n ce s  i s  a s a l i e n t  p o i n t ) .  In  most o th e r  s e n se s  th e  methods d i f f e r  c r u c i a l l y ,  some o f  v/hich w i l l  be examined i n  inore d e t a i l  i n
ft. je P ap aer. O ne, th e re  i s  th e  a t t i t u d e  tow ards » e r r o r "  i n  p r e d ic t io n ;  ^Woi th e re  are th e  means fo r  e s t a b l is h in g  g e n e ra l s ta te m e n ts ; and, thr-ee, th e  tre atm en t o f  co n ce p ts  by t h e ir  c a u s a l o r d e r in g s . The mode ^ a l y s i s  p re se n ted  in  SPA, ( and I  am n o t concerned w ith  th e  f a c t o r  ^ a l y s i s  based m ethod), d id  n o t a r is e  i n  a  vacuum b u t r e s u lt e d  from  own e f f o r t s  in  a n a ly s is  to  r e c o n c ile  a  c o n v ic t io n  t h a t  a  quant­i t a t i v e  approach i n  s o c io lo g y  i s  n e ce s sa ry  to  i t s  ad van ce, w ith  a b e l i e f  i n p0Y,er 0 £ a  t h e o r e t ic a l  ap p roach . The need f a r  su ch  a  ec o n c i i i at i on seemed s tra n g e  to  one who was once a p h y s i c i s t ,  b u t it 93 °^ vio u s  th a t  th e  q u a n t it a t iv e  p ro ced u res a v a i la b le  were l a r g e l y  S t t t i - t h c o r e t ic a l ,  ( s e e  some o f  th e  exam ples in  SP A ).
^ e l i ev ® th a t th e  main example used i n  SPA was n ot a p a r t i c u l a r l y6°°d. one, and i t  was o n ly  used becau se i t  had been used p r e v io u s ly  by °£e (1 9 7 0 ), and p a r t o f  SPA c o n s is te d  o f  a c r i t iq u e  o f  Hope. I  w i l l '  ° W exaQine two o th e r  exam ples s th e se  exam ples are  b e s t  co n sid e red
i n  c ° n j u n c t i c Araeric Lon w ith  th e example in  SPA, and are  s e le c t e d  from two Lean S o c io lo g ic a l  Jo u r n a ls
21» Two American S o c i a l  M o b ility  Exam ples
I  decided th a t  a d d it io n a l  exam ples were needed to  i l l u s t r a t e  th eWorkings o f  my m ethod. These had to  be from  p u b lis h e d  m a te r ia l  sothat the v a r io u s  ty p e s  o f  a n a ly s is  co u ld  be com pared, so I  d e c id e d  ona year ( I 972) and two jo u r n a ls  ( t h e  Am erican Jo u r n a l  o f  S o c io lo g y  andthe American S o c io lo g ic a l-  Eeview ) .  i l f i r s t  'random ly* s e le c t e d  an a r t i c l ein ASH which used p a th  a n a ly s is  2 , and came up w ith  : "A chievem entO rie n ta tio n s  and Socioeconom ic C a re e r  A tta in m e n ts" by D avid  L
I’eatherman,(Featherman,1972). This happened to be a very good example,th ere  v;as a  c l e a r  c a u s a l o rd e rin g  i n  most o f  th e  v a r i a b l e s ,( as Ihoted in  SPA, I  do n o t th in k  th a t  th e  p r s t ig e  accorded a  Jo b  i sfte^ sariiy  a  'ca u se * o f  th e  rem uneration o f  th e  Jo b -h o ld e r , b u t in  t h i s
386 *  v/i l l  a cce p t th e  c o n v e n tio n a l o r d e r in g ) .  I  d e c id e d  to  a b s t r a c ta subset from tw elve v a r ia b le s  used by F eath ern an  (1 9 7 2 ,F ig u r e  1 ) in
i UCl1 a aahner th a t  no v a r ia b le s  o u ts id e  th e  s u b s e t were/supposed to  be 
\ /caused» o f  th e v a r ia b le s  w ith in  th e  s u b s e t . (S e e  my F ig u r e  1 ) .
• F ig u r e  1 about here*
to *  the frandc second paper I  to o k  AJS V olu ne 77 -  and, as i f  to  prove th e°ftness o f  ny method o f  sa m p lin g , I  s e le c t e d  an oth er Feath ern anI'ei ( l 97l ) > j  d ecid ed  not to r e j e c t  t h i s  second paper because I  I f e l t  tbhat i t  was rea so n a b le  th a t  I  f in d  tv;o p ap ers i n  a s p e c i a l i s tV
y  th e th e  sane a u th o r . The t i t l e  o f  th e second paper was :*.A f search n ote : A s o c i a l  s t r u c t u r a l  model fo r  th e  socioeconom ic
c a r e e r " , and X chose to  examine th e  c o r r e la t io n  m a trix  o f  F e a t hormones T able 1 , and th e  p a th  a n a ly s is  o f  T a b le  2 . The p a th  a n a ly s is  o f  Featherm an's T a b le  2 i s  diagram m atized', ( .a c c u r a t e ly  I  hope) as ny F ig u re  2 .
♦ F ig u re  2 ab out h ere*
1»1 The ASR paper
The c a u s a l ( and tem poral) o r d e r in g  o f  th e  co n ce p ts  im p lie d  i n  Featherm an* f i r s t  model (my F ig u r e  1) i s ,  I  s u g g e s t , t h i s :  th e  ty p e  o f  home s o c i a l  background o f  an in d iv id u a l  ( in d ic a t e d  by th e  liORC s c o r e  f o r  th e  f a t h e r ' s  dob) i s pxjor to  th e  in d i v i d u a l 's  ty p e  o f  e d u c a t io h a l e x p e rie n c e  ( in d ic a t e d  by h i s  number o f  y e a r s  o f  s c h o o lin g  i n  1957)» w hich i s  i t s e l f  P r io r  to  how "good" a  jo b  th e  in d iv id u a l  f i r s t  e n te r s  ( in d ic a t e d  by th e  NORC s c o re  fo r  h i s  jo b  i n  19 57 )»th ese a l l  b e in g  p r io r  to  how Sood a jo b  he has a t two l a t e r  p e r io d s  ( in d ic a t e d  by KORC s c o r e s  f o i l  b is  jo b s  i n  ig 6 o , and some tim e between 1963-1967)•
path a n a ly s is ,  e x a c t ly  as used by F c a th e r a a n , t h i s  c a u s a l o r d e r in g  a f f e c t s  which v a r ia b le s  are  used as p r e d ic to r  v a r ia b le s  i n  th e  P«^th r e g r e s s io n s . The u s u a l r e s u l t ?  are e v id e n t i n  F e a th e r a a n 's  ^ a l y s i s ,  t r i v i a l i z a t i o n  -  th e  o n ly  p a th  t h a t  i s  ommitted from F ig u r e  i  i s  th a t  between o b s e rv a b le s  6 and 1 , w hich im p lie s  th a t  an in d iv ­id u a ls  typ e o f  home background does n ot a f f e c t  how good a  jo b  he had ^  i9 6 0 , b u t i t  does a f f e c t  how good a  jo b  ho has a t o th e r  t im e s . In  • Method t h i s  c a u s a l o r d e rin g  i s  v e ry  im p o rta n t, f o r  a lth o u g h  th e re  no s t r i c t  r u le ?  ( s o c i a l  s c ie n c e  de.ta i s  f a r  too i n t r i c a t e  f o r  th e  a p p lic a t io n  o f  r o t e ) ,  in  th e  a n a ly s is  o f  th e d eterm in an ts o f  a c e r t a in
observable I  in tr o d u c e  th e  o b s e rv a b le  im m ed iately  p r io r  in to d  a a re g re s sio n  C i s t .  I  th en  in tr o d u c e  th e  n e x t most im m e d iately  p r io r  and see what improvement i n  p r e d ic t io n  h a s  o ccu rec! ( and exam ine th e  c o l l in e a r i t y  e f f e c t )  • I n  th e  ca s e  o f  th e  d a ta  p o rtra y e d  i n  f ig u r e  1 , the r e s u lt in g  a n a ly s is  i s  v e r y  sim p le  and i s  shown i n  F ig u r e  3*
. V
♦ F ig u re 3 about h ere*
T h is f ig u r e  shows a  sim p le  c a u s a l c h a in  nhn±n m od el. T h at i s ,  I  f e l t(w ith o u t any p r o s t h e t ic  s t a t i s t i c a l  in fe r e n c e )  t h a t  I  c o u ld  a cco u n tfo r  v a r ia t io n s  i n  8 a s  e a s i l y  w ith  6 a lo n e as w ith  6 ,^ ,3  end 1 .  F o robservab le 8 th e  r e s id u a l  p a th  (fro m  p a th  a n a ly s is )  i s  .3 0 ,  w hereas« s in g  6 alon e i t  i s  .5 1  -  I  am. w i l l i n g  to  in c r e a s e  my "e r r o r "  a t  th eexpense o f  v;hat I  se e  a s  p ro b a b le  t r i v i a l i z a t i o n .• i1*2 The A JS p ap er
The p ro cess which i s  b e in g  co p ie d  in  t h i s  p ap er ( F e a th e r a a n ,197l )  i so b vio u sly  s im ila r  to t h a t  o f  th e  p r e v io u s  paper (Fea*.herraan,1972) ,  ^ t  now th e  »goodness*« o f  a  jo b  i s  in d ic a t e d  by two o b s e r v a b le s  -  i t s  KORC s c o re  and th e  income from t h e , j o b .  I  have n o ted  t h a t  I  am not i n  agreem ent w ith  th e  c a u s a l o r d e r in g  o f  p r e s t ig e  (s tc ^ J-? )  iucone (w orth?) -  p ro b ab ly  th e y  are  h ig h ly  r e la t e d  d im ension s o f  th<s goodness o f  a  jo b  &zh a cco rd in g  to  p e o p led  in t e r p r e t a t io n  o f  th  s o c ia l  ethos : how ever, fo r  t h i s  exam ple I  w i l l  a c c e p t Featherm an«s co n ven tio n al) c a u s a l o r d e r in g .(
^cferenr* i.ce to  Featherm an' s r e s u l t s  ( my f ig u r e  2) i l l u s t r a t e s  y e t®£uin• ne f e a r  o f  ’ lo s in g *  v a r ia n c e  e x p la in e d  : th e  in c lu s io n  o f
o b serv ab le s  m erely  to  b o o s t v a r ia n c e  e x p la in e d  by a  t r i f l e .  O ut o f  a p o s s ib le ^ l0 x 9 )/ 2  = k5  p a t h s , o n ly  19 p a th s  are e lim in a te d  -  on th e  b a s is  o f  a  t e s t  o f  s t a t i s t i c a l  s i g n i f i c a n c e  ( F ea th ern afa ,1 9 7 1 :T ab le  2 , 3 0 1 ). f n f a c t  Featherraaa seems lo t h e  to  e lim in a te  any p a th , f o r  h i s  F ig u re  2 C l971i298) in c lu d e s  a l l  p a th s  even though some are . a s  low  ^  *091 o r  *099.  ‘
♦ F ig u re  if about h e re*
Iv/ould now ask you to examine my a n a ly s is , (shown in  my F ig u re  if) where 
i t  i s  e s p e c ia lly  c le a r  th a t -  i f  i t  co p ie s r e a l i t y  a ccu r a te ly  -  
K e lle y *s ( 19 73 a) fwo cau sal chain h yp o th esis i s  supported. Without 
v&shing to enter in to  the debate between Featherman(1973) and 
K elley  (1973b), (a s  t h is  i s  not my reason fo r  t h is  p ap er), I  th in k  
th a t K e lle y  i s  r ig h t in  p o s tu la tin g  two ca u sa l c h a in s , but he wrong 
to use path a n a ly sis  to e s ta b lis h  h is  claim s (and perhaps the tv:o 
causal chains are but r e a liz a tio n s  o f  one r e a l chain  ) .  However 
K elley (l973b$791-792) makes the fo llo w in g  comment :
B ut when c o r r e c te d  f o r  a t t e n u a t io n , th e  S i x - C i t i e s  d a t a  o f f e r  a b s o lu t e ly  no e v id e n ce  f o r .a n  h i s t o r i c a l  e f f e c t  E»f o c c u p a tio n  a t  tim e 1 on th e  o c c u p a tio n  a t  tim e 3 ^  • The p a th  i s  am in is c u le  -.0 0 5  th e  in crem ent i n  v a r ia n c e  e x p la in e d , .0 0 0 , can be ig n o re d  w ith  some s a f e t y . The more p a rsim o n io u s c a u s a l c h a in  model f i t s  to  d a t a  a s t o n is h in g ly  w e l l .
n P re s e n t c o n te x t t h i s  i s  endowed w ith  an added s i g n i f i c a n c e .
X have n ot shown how ny f ig u r e  was a r r iv e d  a t ,  and I  w i l l  now do e o . F i r s t l y ,  I  to h k  th e  o b s e r v a b le s  i n  F e a th c r n a a 's  c a u s a l o r d e r in g , a p a rt from th e  assum ption t h a t  incom e-and o c c u p a tio n  a t  a  c e r t a in  tim e were o f  eq u al c a u s a l p r i o r i t y  i n  term s o f  t h e i r  e f f e c t s ,  though ^ o ir tt ly  d i f f e r e n t  c a u s a l p r i o r i t i e s  i h  t h a t  p r e s t ig e  was a  'cause* o f  incom e fo r  a  c e r t a in  t im e . S e c o n d ly , i f  th e r e  was o n ly  one o b s e r v a b le  im m ediately p r i o r ,  i t  was a u to m a tic a lly  in tro d u c e d  and f u r t h e r  . o b servab le s were o n ly  in tro d u c e d  i f  th e y  added to^  th e  v a r ia n c e  e x p la in e d  i l l  th e o rd er o f  t h e i r  c a u s a l p r i o r i t i e s : i f  th e r e  was more th an  one observab le im m ed iately  p r i o r ,  t h i s  s e t  was a n a ly ze d  a c c o rd in g  to  th e  ib c r c n e n ta l method o f  SPA -  fu r t h e r  o b s e rv a b le s  were o n ly  in tr o d u c e d  i f  th ey  added to  th e  v a r ia n c e  e x p la in e d , i n  ¿ J l2 o rd e r  o f  t h e i r  c a u s a l E £ fo r it1 e s , ( i f  t h i s  method seems r a th e r  ad h o c , I  do n o t a p o lo g iz e , fo r  33 *  to te d  above a p p lic a t io n  o f  r o t e  can be v e ry  m is le a d in g , i f  n° t  wrong. xn ¿ a c t  i t  i s  n o t as ad hoc as i t  seem s, f o r  th e  a n a ly s is  i s  m otivated a  f i r n  p h ilo s o p h ic a l  p o s it io n  based on a  s c i e n t i f i c  r e a l i s t  view  o f  s o c io lo g y  -  A l la n , 197i*b) .
Two it s t a n c e s  may make t h i s  c le a r e r .'  Take th e  f i n a l  o b s e rv a b le  i n  th esequence, io  income a t  tim e 3 ( I^ ) »  when th e r e s id u a l  p ath  i n  th e^ t l y s i s  o f  Featherm an i s  .7 7  ( s e e  F ig u r e  2) u s in g  fo u r  o b s e r v a b le s . Hoy; tv»» •e im m ediately p r io r  o b s e rv a b le  i s  th e  KORC s c o re  a t  tim e 3 (Y^)» the in tr o d u c tio n  o f  income a t  t  .im e 2 ( I^ ) in t o  R e g r e s s io n  w ith  
3 adds .12  to  th e  v a r ia n c e  e x p la in e d , g iv in g  a  t o t a l  v a r ia n c e  ^Plained o f  .35 and a c o l l i n e a r i t y  e f f e c t  o f  .15  -  th e  r e s id u a l  path • ?9 , The v a r ia n c e  e x p la in e d  i n  Foatherm an*s p a th  a n a ly s is  ( vising* ^¿Sy a b lo s ) . 2| l ,  o n ly  .03 more th an  my .3 8 , and I  w i l l  su g g e st
th a t th-fc tif-fe ctn is  means thatr.ithere i s  no di r e c t  ( h i s t o r i c a l ) / o f  th e  co n cep ts
,  ** ^°d by o b s e rv a b le s  X through Y^ on th e  con cep t in d ic a t e d  by
In  t h is  in s ta n c e  o n ly  one o b s e rv a b le  was im m e d ia te ly  p r io r »  and, ÿaking the o th e r  o b s e rv a b le s  in  th e  o r d e r  6 f  t h e i r  c a u s a l  p r i o r i t y ,  v/hen one o f  th e  n e x t o b s e r v a b le s .h a d  been in tr o d u c e d  no more r e a l  improvement could; be made* . ■
In  th e  n e x t in s t a n c e , th e  dependent v a r ia b le  i s  o b s e rv a b le  T y  and im m ediately p r io r  are  two o b s e r v a b le s , ? 2  and I 2 * I f  - th e  in c r e m e n ta l method i s  u s e d , th e  v a r ia n c e  e x p la in e d  i n  Y^ by a lo n e  i s  ,5 k *  whereas th e  v a r ia n c e  e x p la in e d  i n  Y^ by o b s e rv a b le s  X th rou gh  Y2 ^  .60 -  o n ly  .0 6  more. A gain  I  would s u g g e s t t h a t  o n ly  th e  co n ce p t in d ic a te d  by Y2 h a s  a  d ir e c t  e f f e c t  on th e  co n ce p t in d ic a t e d  by Y ^ .Note th a t  th e  r e s u l t s  i n  F ig u r e  3 a rc  c o n ta in e d  i n  th e  r e s u l t s  o f  Figure »2 . In fe re n c e  : T h e o r e t ic a l  o r  s t a t i s t i c a l
Suppose I  have measured th e  v a lu e s  o f  two v a r ia t e s  f o r  a  p o p u la t io n «^ d  the c o r r e la t io n  between thC>J2 two v a r ia t e s  i s  .0 1 .  As th ePopu lation  h a s  been s tu d ie d  th o  c o r r e la t io n  o f  .0 1  i s  th e  tr u ec o r r e la t io n  -  b u t should  we ig n o r e  i t ,  c e l ic it  zero ? So a r i s e s  many° f  th e  problem s and ijuEn±i±r±±X2 c o n fu s io n s  i n  q u a n t i t a t iv e  a n a ly s is® ta ( ,is t ic a l t e s t s  are  o ft e n  used m erely to  e lim in a te  s m a ll a s s o c ia t io n sd if fe r e n c e s  under th e  r u b r ic  o f  th e  n u l l  ( u s u a l ly  zero) h y p o th e s is .s o ft e n  d is p la y e d  irt/most extrem e (b e ca u se  v o c e l)  form s by" I ean n ing th e t r a d e " , and ir o n  my ovm e x p e r ie n c e , p a r t i c u l a r l ys tg ra d u a te  p s y c h o lo g is ts  (who have never: heard o f  Kuhnian, p a ra d ig m s).e tr a in e e  p s y c h o lo g is ts  a r e , e g , s tu d y in g  a  group o f  c h ild r e n  andI n t e r e s t e d .in  th e  e f f e c t s  o f  come treatm en t on th o c h ild r e n  s 
they a  »< •«Aa (v.-hen pressed ) t h a t  r e a l l y  th e  group i s  th e ir/ p o p u la tio n /oth erw ise th o tha. p o p u la tio n  to  which th e y  would g e n e r a liz e  would
are
be so s p e c i f i c  -  eg re m e d ia l r e a d e rs  aged 8 y e a r s  i n  s c h o o l X  -  t h a t  i t  would be o f  no r e a l  v a lu e . When i t  i s  p o in te d  o u t td  them t h a t  a  s t a t i s t i c a l  t e s t  o f  d i f fe r e n c e  i s  wrong -  becau se th e  d i f fe r e n c e s  are th e re  o r  th e y  are  n o t , and t h a t  r e a l l y  th e y  sh o u ld  bo in t e r e s t e d  in  how la rg o / im n o rta n t are th e  d i f f e r e n c e s  -  th e y  sa y  î ( l )  .“ How do we know the d if fe r e n c e  i s  s i g n i f i c a n t ? “ . (They mean’ " im p o r ta n t " ? ) ; and ( 2) "My s u p e r v is o r  e x p e c ts  i t " .  A u thors fr e q u e n tly  do n o t know whether a  p a th  c o e f f i c i e n t  r e p r e s e n ts  a  v ia b l e  c a u s a l c o n n e c tio n , so they e lim in a te  on th e  b a s is  o f  a  s t a t i s t i c a l  t e s t  -  I  have much more sympathy with, th o se  who choose to  ig n o re  p a th  c o e f f i c i e n t s  o f ,  e g , le s s  than . 15 .
.  t  am in t e r e s t e d  i n  how, g iv e n  a  s e t  T h is  i s  o n ly  p a r t  o f  th e  problem  I.». 4.— d i f f e r e n t  s t u d i e s ,  we cano f  s in g u la r , tim e-bound r e s u l t s  fr o
4 edf?e ( I  echo Z e tte r b e r gadvance our know ledge. T h is  advance n
4-v,wMjrh th e  u se o f  a  t h e o r e t ic a l  and many o th e r s )  can o n ly  come th rou g vn, .  n«.4T,ir a t  o th e r  s t u d ie s  i n  ap e r s p e c tiv e , and one which r e q u ir e s  lo o k in gnews l i g h t  -  a s  I  have s a i d , (S P A :212) :I t  i s  as w e ll  to  remember what we are d o in g  when wo examine a p a th  a n a ly s is  : »  a re  t r y in g  to
n n d  - r e v e r s e  - o p e r a t i o n a l i s a t i o n s - ,  l e j A a thevo we r e a l l y  measured ?where th e * we' i s  understood to  be th e  s o c i o l o g i s t - i n - g e n e r a l .^
**let thi v ru is  be a p p lie d  th e n " , i s  th e  o b vio u s comment, so f ^ s t  examinele u re  5 ( t h e  r e s u l t  o f  a n a ly s e s  i n  S P A ), and compare t h i s  to  F ig u r e( t b e  a n a ly s is  o f  F ig u r e  /*, u s in g  t h i  term s/con cepts com p atib letho«e o f  F ig u r e  5 ) .  When p resen ted  i n  t h is  manner th e  “ o v e r la p "V,een tv;o s in g u la r  s tu d ie s  can be se e n , and i f  a  l i t t l e0ci o l o g i cai? ' ,  im a g in a tio n  i s  used wo can combine th e two,  to  p ro vid e
anew r e s u l t ,  (shown in  F ig u r e  7 ) .  From two s tu d ie s  u s in g  a  t h e o r e t ic a l  infrence v/c have improved our knowledge -  which, can be compared w ith  knowledge from o th e r  s t u d ie s  o r ' a c t  as th e  b a s is  o f  fu r t h e r  s t u d ie s .iThe g e n e r a l, t h e o r e t ic a l  approach (w h ich  i s  n ot s o l e l y  concernedF , swith ca u sa l a n a ly s is  ) can en a b le  us to  in c r e a s e  knowledge ’in  g e n e r a l \ .by the exam in ation  o f  th e  p a r t i c u l a r .^♦ F ig u re 5 about h ere*♦ F ig u re  6 about here*I * F ig u r e  7 about here*
FOOTNOTES
1 . The p h ilo so p h y  u n d e r ly in g  SPA and th e  p r e s e n t p ap er nay bo described  as " s c i e n t i f i c  r e a l is m " . X w i l l  n o t expand upon th e  p h ilo s o p h ic a l a s p e c ts  i n  t h i s  p a p e r , f o r  t h i s  h as been done in  A lla n  (l9 7 / |b ). O th e r r e le v a n t  r e fe r e n c e s  a re  Sm art(1963) sad G ra v e s
(1971sChs 2 ,3 ) .  ■ - ’ ■ ' * ’
2» I  w rite  ” . . .  r a n d o m l y . b e c a u s e  a  t r u l y  randon s e l e c t i o n
im plies th a t a  book ends a t th e b e g in n in g .
* #, s ,urP r i z i n g l y ,  th e  ph enom enologicts McHugh, R a f f  e l ,-  F o s s  and Blum .£¿>197^:16) s t a t e  v e ry  c l e a r l y  :The id e a  o f  t h e o r iz in g  makes n e c e s s a r y  a  d i s t i n c t i o n  betw een th e  c o n c re te  and th e  a n a l y t i c .  In  so f a r  and whenever a  t h e o r is t  f a i l s  to  fo rm u la te  a  d i s t i n c t i o n  betw een th e  c o n c r e te  and th e  a n a ly t ic  ••’ betw een co n c re te  and a n a ly t ic  sp eech  -  he l o s e s  h i s  a b i l i t y  to  acco u n t f o r  h i s  own a c t i v i t y  : f o r  t h e o r iz in g . W ithout a  d i s t i n c t i o n  between th e  c o n c r e te  and a n a ly t ic  v;e n e c e s s a r i ly  fo rm u la te  t h e o r iz in g  as a re p ro d u c tio n  o r  r e p o r t in g  o f  what appears ( I!y em phasis) .  s i s  f a r  more s c i e n t i f i c  th an  th e a c t io n s  o f  a p a th  a n a ly s t  who hin<iS "numbers o f  s i b l i n g s "  c a u se s  " y e a r s  o f  e d u ca tio n " -  i t  m ight a sh o rth an d , b u t i t  m ight n o t .  '
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in  such s t u d ie s  has been n o ta b ly  l a d l i n g .  Tnc c r in c  
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CORRELATING ORDIN ALLY-SCALED VARIATES -  A note on
the numbers game.
At one tim e we a ssign ed  numbers 1 through 7 to  the c a t e g o r ie s  o f  th e  H a ll- Jo n e s  s c a l e ,  and found an o rd in a ry  P earson product-moment c o r r e la t io n  between t h i s  and e d u c a tio n a l atta in m en t ( c a t e g o r ie s  scored  1 th rough if 7 ) .  L a t e r  L ab ovitz(1 9 7 0) and o th e r s  c  showed e m p ir ic a lly  t h a t  any o rd e r-p re s e rv in g  assignm ent o f  numbers to  c a te g o r ie s  was Klmost th e  same as any o th e r  -  in  terms o f  th e  s iz e  o f  th e  r e s u lt i n g  c o r r e la t io n , K e n d a ll and S t u a r t  (1973*586 -588) extend th e d is c u s s io n  o f  W illia m s (1952) and su g g e st th a t  rank c o r r e la t io n s  w i l l  n o t d i f f e r  by ouch from th e Pearson formed by any o r d e r -p r e s e r v in g  assignm ent o f  numbers’;  (The maximum Pearson c o r r e la t io n  fo r  a  co n tin g en cy  t a b le  g iv en  a l l  p o s s ib le  assignm ents o f  numbers i s  th e  ^canonical* c o r r e la t io n  o f  th e  t a b l e ,  K e n d a ll and S tu a r t  g iv e  an example fo r  which th e c a n o n ic a l c o r r e la t io n  i s  ,697 and tau^ -  a rank c o r r e la t io n  -  i s  ,643)» The im p lic a tio n s  are th a t  fo r  co n tin u o u s-v a lu e d  d a ta  v/e can use Spearm an^Rho (w hich i s  no more than a  Pearson c o r r e la t io n  on r a n k s ) ,  and th a t  fo r  co n tin g e n cy  t a b le s  i t  doesn’tt
2r e a l l y  m atter whether we c a lc u la t e  tau^s o r  P earson c o r r e la t io n s . (Halikes( 1971) s u g g e s ts  th e use o f  tau^s find t h i s  we can see has added a t t r a c t io n s .)
I  do n ot b e lie v e  in  th a t  which, has been proposed .
F i r s t l y  : fo r  uhgrouped d a ta  by a l l  means c a lc u la t e  r h o (R ) , but th en  -  i f  an assum ption o f  an u n d e rly in g  b iv a r ia t e  n o rm a lity  i s  a p p lic a b le  -  e stim a te  the Pearson c o r r e la t io n  ( r )  by
r e  Psinjic R*j
(Kendall,l9?3:Ch9).
Seco n d ly  : f o r  grouped d a ta  no such easy  tra n sfo rm a tio n  e x i s t s ,  and any c o r r e la t io n  made by a s s ig n in g  numbers to  ranks w i l l  u n d erestim ate because o f  g r o u p in g - e f fe c t s . Take th e  sim ole ca se  o f  th e  2x2 ta b le  in  T ab le  1 .MT h is  i s  a  dojolQ dichotom y ( a t  the m edial v a lu e s) u upon a  b iv a r ia t e  norm al s u r fa c e  w ith  a c o r r e la t io n  *75 -  from te t r a c h o r ic  t a b l e s .  The Pearson c o r r e la t io n  fo r  t h is  t a b le  i s  ,5 » as i s  tau^ ^ p e r f e c t  c o n s is te n c y  in  e s tim a te s  o f  c o r r e la t io n  -  but aTl are c o n s is t e n t ly  b ia se d  from th e  tru e  v a lu e  o f  .75«
3For non-norm al s u r fa c e s  th e  tr u e  c o r r e la t io n  w i l l  i tnot he . 75 ,  b a t / is  h ig h ly  u n l ik e ly  th a t  any u s e f u l  s u r fa c e  w i l l  have a  c o r r e la t io n  o f  .5» g iv e n  th e s e
tm a rg in a l p r o p o r t io n s .
* * * T a b le  1 about h e re***
T h is  najr seen  an extrem e exam ple, but many v a r ia b le s  are no more than  d ich oto m ies : as a fu r th e r  i l l u s t r a t i o n  c o n sid e r  th e  d a ta  p o rtray ed  i n  T ab le 2 . T a b le  i s  a  5x5 co n tin g e n cy  t a b le  showing th e r e la t io n s h ip  between f a t h e r 's  h e ig h t  and s o n 's  h e ig h t  — a sample o f  1000 o b s e rv a tio n s  on tv/o extnem ely w ell-b eh aved  v a r i a t e s .  The c o r r e la t io n  between th e raw , un-grouped h e ig h ts  i s  .5189 ( K a r l  P e a r s o n 's  d a t a ) . The Pearson c o r r e la t io n  fo r  t h i s  ta b le  ( c a t e g o r ie s  scored  1 th rough 5) i s  ,k S 6 t and ta u b i s  .599» which i s  not a  g r e a t  d i f fe r e n c e  in  v a lu e . ( A c t u a lly  Macdonald (1973:107-108,115-115) shows th a t  c o r r e la t io n s  can he q u ite  d i f f e r e n t  -  changes o f  around 20% -  bu t th e  in f lu e n c e  o f  L a b o v itz  i s  so s tro n g  th a t he th in k s  he has i l l u s t r a t e d  th a t  ' . . .  p ro v id in g  th a t tv/o com parable p r e s t ig e  ra n k in g s  are a v a i la b le , one sh ou ld  not worry about th e more d i f f i c u l t  ta s k  o f
,re n s u rin g  c o m a r a b ility  o f  num eric assignm ents to
th e s e  c a t e g o r i e s . . . ' J-?
* * * T a b le  2 about h e re***
We need more in g e n u ity  a p p lie d  to  th e  problem  o f  e s tim a tin g  grou p in g e f f e c t s ,  fo r  th e re  can be im p lic a t io n s  fo r  th e exam ination  o f  p a r t i a l  r e la t io n s »F o r exam ple, co n sid e r  the (d eg en era te ) t r i v a r i a t e  normal s u r fa c e  w ith b iv a r ia t e  normal c o r r e la t io n s  •7071, .7071 and *50 -  th e s u r fa c e  i s  d egen erate because a p a r t i a l  c o r r e la t io n  i s  zero ( .7071x.7071 B * 5 0 ) . The c o r r e la t io n s  estim ated  from c o lla p s e d  t a b le s  such as T ab le 1 w i l l  be .5 0 , .5 0  and .333»In  d h is  case  ,5 0 x .5 0  £  .333 and so the p a r t i a l  c o r r e la t io n  w i l l  n ot be z e r o . C hecking to see i f  a  p a r t i a l  c o r r e la t io n  ( o r p a th  c o e f f ic i e n t )  i s  zero i s  the co rn ersto n e o f  c a u s a l m o d ellin g  -  y e t n o t ic e  the im pact o f  grou ping e f f e c t s .  I f  a l l  th ree  r e a l  c o r r e la t io n s  are .7 0 7 1 , a l l  th re e  p a r t ia l  c o r r e la t io n s  w i l l  be .¿+I!t2. The co rresp o n d in g observed (e stim a te d ) c o r r e la t io n s  o f  .50  produce p a r t i a l  c o r r e la t io n s  o f  •333. A gain th e re  i s  t h i s  r a d ic a l  d if fe r e n c e  in  in t e r p r e t a t io n , a  p a r t i a l  o f  595» o f  the c o r r e la t io n  as a g a in s t  a  p a r t i a l  c o r r e la t io n  o f  67# o f  the c o r r e la t io n . ( D e c is io n s  have been made on D ia l le r
5d i f f e r e n c e s .)
In  a  p ragm atic v£$n , i t  fr e q u e n tly  commented th a t  th emeasure you use to  f in d  whether two th in g s  area s s o c ia te d  i s  not too im p o rtan t; in  a  sense I  canagree w ith  t h i s ,  but d i f f i c u l t i e s  a r is e  when youcomkre a s s o c ia t io n s . I  can th in k  o f  two main
.Prea so n s fo r  con/arison :(1 )  You w ish to  f in d  i f
4s o c i a l  c l a s s  and e d u c a tio n a l attain m en t are moreh ig h ly  r e la t e d  in  B r i t a i n  or the US -  t h is  canbe extended to  many r e la t io n s h ip s ;  and (2) Youmay w ish to f in d  whether s o c i a l  c la s s  o r m entala b i l i t y  i s  more h ig h ly  r e la t e d  to e d u c a tio n a l/ ^atta in m e n t -  which can a ls o  be ex t^ d ed . The f i r s t  i s  co m p a ra tiv e , th e  second i s  th e  n i t t y -  g r i t t y  o f  m o d e llin g , and we can do both a t o n ce .The message o f  th is n ote -  the i n t e l l e c t u a l  massage - i s  j we need to  c o n c e n tra te  more on th e im pact o f  o f  g r o u p in g -e f fe c ts  o f  c o r r e c t i o n s  and fo r g e t  the non-problem  o f  th e  assignm ent o f  numbers to ran k -o rd e r c a t e g o r ie s ;  i n  so doin g we w i l l  be making few er m ista k es i n  our m u lt iv a r ia te  a n a ly s e s . The im pact o f  grou p in g e f f e c t s  i s  prob ab ly  why we fin d  so many s p u r io u s , t in y  p ath s ( o r  b e ta  c o e f f ic i e n t s )  in  rep o rted  a n a ly s e s . A f t e r ,  most d a ta  can o n ly  be
6c o lle c t e d  o r used i n  a c a te g o r iz e d  form , and i t  i s  o n ly  r a r e ly  th a t  we have a  t r u ly  co n tin u o u s-v a lu e d  v a r ia te ,(w h o  m entioned Income ? ) .
TABLE 1/BIVARIATE NORMAL SUFIiCE WITH CORRELATIONPARAMETER OF .7071
.375 .125 .500.125 .375 .500.500 .500 1.000
TABLE 2CONTINGENCY OF STATURE OF FATHER AND SON*F a t h e r s H e ig h t203 91 26 9 ; 6 33595 75 66 22 26 Z8kSon* s 30 36 37 l*f ' 20 137H e ig h t 18 27 26 11 V  23 105 i12 55 25 13 . 5^ 139 ?■. . .  »358 26** 180 69 129 1000 ' *[
*  Taken from T a b le s  fo r  B lor’.et r i c i a n s  and S t a t i s t i c i a n sV o l I I . ( l a r r i i i )  by K a r l Pearson
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1. The Problem.
The advance of medical science and rising standards of living in 
the twentieth century have brought about major improvements in 
health and life expectancy. Some diseases, like poliomyelitis 
and diphtheria, have almost disappeared in some societies. Others, 
like tuberculosis and measles, are far less common. In Britain, 
only twenty-six years ago, (1949), the infant death rate was 32.4 
and the stillbirth rate 24 per thousand. At the end of the sixties 
the infant death rate was already less than 20 per thousand, and 
the stillbirth rate at 14 per thousand was down by nearly half.
These, with crude death rate, birth rate, and maternal death rate, 
have been the most commonly used indices of community health for 
many years.
Since the mid-fifties, there have been some gains in health, some 
losses, and some areas where we are holding our own, or where 
progress has been uncertain.
An impression of what are the determinants of this mixed picture of 
gains and losses can be obtained with the aid of statistics routinely 
collected, or from the many special studies that have accumulated 
detailed information on specific diseases and conditions. Standards 
have been established for everything from body weight and height to 
blood cholesterol concentrations and the level of immunological 
resistance to infections. The prevalence of many chronic diseases 
has been described. Unfortunately, many such studies are based on 
groups selected to conform to special criteria and therefore not 
representative of the population as a whole. Only a small fraction
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of the existing statistics give an undisturbed picture of health 
and disease« and in consequence we are often faced with conflicting 
evidence, both of what the situation is and of what are its determinants. 
This is an undesirable situation as statistics are the foundation for 
programmes of action in this, as in most other.areas of human activity.
A feature of much planning of medical services is our ignorance about 
the extent to which many of these indices which are assumed to reflect 
the effects of medical care actually do so rather than reflecting other 
circumstances affecting the lives of the populations concerned.
Although some research has already been done on ways of measuring 
whether medical care does what it sets out to do (and in the most 
effective way, giving due regard to considerations of economy and 
the best use of scarce resources) there is still considerable doubt 
as to the specificity of some of the measurements employed.
There are a great many "end results" of the interaction of illness 
and medical care and some (like the examples given above) can be 
rendered into simple rates or indices of "healthiness" or "un­
healthiness" (mortality, morbidity, residual handicap, etc.).
There are also, of course, numerous other aspects of this inter­
action where the end result aimed at is not necessarily health 
in individual terms but the achievement of the "best" medical care 
that can be given under the circumstances. Examples would be a 
shorter rather than a longer time between diagnosis and operation, 
and the lack of pain during terminal care. Such measures do not 
reflect health but they are assumed (often without sufficient
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reason) to be related to the most satisfactory outcome of medical 
intervention.
What are the advantages and disadvantages of end results (outcomes) 
as indicators of "good" medical care? The most important advantage 
is their validity. The values that govern what is a good or bad 
outcome are generally accepted and end results reflect the contribu 
tion of care rendered not only by physicians but by other health 
professionals as veil. Furthermore, the 'results' tend to be 
concrete and therefore capable of measurement although there are 
difficulties when a long time-lag is involved before they can be 
assessed. It is also obvious that medical care which successfully 
postpones death may result in higher morbidity rates in the survivors; 
this was demonstrated by Sanders (1).
The main disadvantage of the use of outcomes arises from the fact 
that they are influenced not only by medical care but also by 
extraneous circumstances. Housing, occupation, education, air 
pollution, and the constituents of drinking water are some of the 
variables whose effects can combine with those of medical care. 
Certain outcomes which were formerly believed to be related mainly 
to medical care have now been recognised as predominantly influenced 
by socio-economic variables. For example, infant mortality 
contrasts with perinatal mortality in this respect, for whereas 
the latter is sensitive to medical care, infant mortality is much 
®ore influenced by home surroundings (2,3). This finding has 
led some investigators to propose the use of, for example, birth
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weight statistics, instead of infant mortality, for many of the 
purposes to which these indices are applied (4). In addition, the 
limitations of many individual outcome indices, such as mortality 
rates, are widely recognized (5) and the difficulties of measuring 
morbidity and disability well known. Understanding the last two 
measures is additionally complicated because they have different 
components such as severity, duration and social impact, that 
have not been thoroughly explored.
This paper presents the results of a study which attempted to extend 
the limited area of current knowledge concerning the relative importance 
of medical care in the determination of outcome indices. Only by 
identifying many more outcomes which are specifically sensitive to 
one or other aspect of medical care, and eliminating others, which 
respond most readily to changes in extraneous variables, can more 
effective decisions be made in Health Services Planning. This is 
not to deny that indices which are more sensitive to variation in 
socio-economic and environmental conditions are not valid measures 
of health status, but that for the evaluation of medical care, which 
is the main concern of the authors, interest must be focussed on the 
former group of outcome measurements.
The general hypothesis underlying this project was that some indices 
of health are more sensitive than others to variations in the pattern 
of provision and the resources invested. The essential points are!
1. Health can be measured in terms of outcomes which for
most planning purposes are still expressed as mortality,
5morbidity and disability indices.
2. Health outcomes are affected by three main types of 
circumstances: Health services, environmental conditions, 
and socio-economic patterns.
3. The contributions of each type of circumstances can be 
distinguished and hence a weighting obtained.
4. Not all measurable health outcome indices are equally 
influenced by all three kinds of external circumstances.
5. It is therefore possible to detect some which are 
particularly (though not necessarily exclusively) 
sensitive to different levels of provision of health 
services.
6. These indices can also be combined into more comprehensive 
measurements, which would be less subject to random 
fluctuations and more able to evaluate the effectiveness 
of the care provided.
The Rationale.
The degree to which health outcome indices are influenced by health 
services, environmental conditions and socio-economic patterns will 
reflected in varying degrees of correlation between indices 
flod the three circumstances.
&  necessary step in the development and/or evaluation of health 
indices is the construction of models in which the relationships 
between health (as a theoretical concept) and the socio-economic 
and medical environment of the individual are expressed. Such ,
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efforts have, in the past, usually been unsuccessful due to the 
lack of appropriate methods. Modelling may offer a unique means 
to the understanding of the forces underlying the interaction of 
health and ecology, but their relationship is so intricate and 
complex that, at present, no attempt has been made to develop a 
teally comprehensive model of health, in this investigation.
However, all analysis must be based on a theoretical framework, which tnay 
or may not be made explicit. This framework, in our rationale, 
assumed that there is a meaningful, real entity, the Health of a 
Community", which can be seen in several constituents, (a constituent 
of Health will be called an "H"). For instance, an important 
constituent of the "Health of a Community" is considered to be the 
"Health of children under one year of age". The real health of the 
children is represented by H^*
This constituent, "Health of children under one year" is not measured 
perfectly by any of the usual indicators (like perinatal or neonatal 
mortality) so, by using many differing indicators of this concept, 
it is hoped to arrive at a closer approximation to the real dimensions.
A set of indicators of Hch will be termed I^'s.
The measure "H is the parameter of a distribution i.e. it is 
the average health of a set of individuals. It is possible to 
conceive of the parameters "H themselves following a distribution,
^ d  it is postulated on the basis of theoretical and practical 
considerations that the distribution of the values of "H^" will
be normal. The th e o r e tic a l reasons in clu d e the s t a t i s t i c a l  notion o f  the C en tral L im it Theorem and the p r a c t ic a l reasons those o f  maximising co rre la tio n  and e q u a lis in g  ranges o f v a lu e s ..
I f  valu es o f are norm ally d is tr ib u te d  what is  the expectedd is tr ib u tio n  o f I  . ?  Under p e rfe c t o p e ra tio n a lisa tio n  the values cho f  I  should be normally d is tr ib u te d , but the d is tr ib u tio n  o f the observed values may be non-normal. I f  the observed d is tr ib u tio n  is  non-normal, the reason fo r  the discrepancy may be two fo ld . F i r s t l y ,  our o p e ra tio n a lis a tio n  may be in co rre ct e ith e r  in  s c a lin g  or co n ce p tu a lisa tio n , and secondly our assumptions about the d is tr ib u tio n  o f may be in v a lid . In  the absence o f  any firm  th e o r e tic a l or su b stan tive co n sid e ratio n s , a derived s c a le  may be used i f  the derived s c a le  values fo r  any two v a ria b le s  are in  the same order as the observed v a lu e s . For the reasons given above, i t  was decided to use a s c a le  based on the normal d is tr ib u tio n  This transform ation from observed to normal scores is  a hypothesis for- which i t  was f e l t  there i s  a high degree o f a^  p r io r i  le g itim a tio n  and has been used by other workers (6 ).
I f  the a l l  measure, perhaps im p e rfe ctly , H ^ » then a l l  theI ch* s , should be h ig h ly  in te rc o rre la te d . This is  a te s t  o f  our I  h 's  co n siste n cy , i . e .  are they measuring n ea rly  the same thing?This type o f  scheme f i t s  c lo s e ly  the mathematical model underlying fa c to r  a n a ly s is  (7,8) and the r e la t iv e  variance o f the f i r s t  p r in c ip a l fa c to r  ‘i s  a measure o f  co n sisten cy . I f  the I  ^*s are c o n s is te n t , what they most c o n sis te n tly  measure is  the f i r s t
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principal factor which is an approximation to H ^ (it could be
denoted H .) and can be used as a combined index*, ch
In this way it is possible to arrive at a set of approximations 
to the constituents of the "Health of a Community". These constituents 
can be seen as the results of (1) random circumstances (2) the 
differential provision of medical care and (3) social, economic and 
environmental factors. Average levels of the various constituents 
of health are chosen in order to minimise the effects of random 
fluctuations. The problem then arises of measuring "differential 
provision of medical care" and which are the most relevent "social, 
economic and environmental factors". In a similar manner to that 
used to approximate "health", approximations to the medical, social, 
economic and environmental constituents of the factors affecting 
health can be derived by the use of selected indices. These 
approximations may then be analyzed to determine how sensitive 
are outcome indices to the provision of medical care and the extent 
to which there is incomplete separation of the main factors (i.e. the 
'overlap* or the collinearity effect).
3. Results.
A large number of variables measuring various aspects of outcome 
(dependent), facets of the medical care process and socio-demographic 
characteristics (independent) have been extracted from the routinely
* Combined indices are much less susceptible to random or sporadic 
fluctuations than single indicators, and are often much more valid 
for comparative purposes (9).
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published statistical sources for the years 1970 to 1972, in the 
United Kingdom. Many of these independent variables and all the 
dependent variables, relating to outcome of care, were standardized 
by age* sex and diagnosis.
Since it was clearly not feasible to include indicators for all 
possible diagnoses and operations m  the study, a number of criteria 
were applied to their initial selection and in the selection of 
age and sex groups. These were that the diagnoses should be firm, 
well established and simple, the number of cases should be sufficient 
to enable rates to be calculated (this was the basis for the selection 
of age and sex groups), several types of health professionals should 
usually be involved in the management of the patient, the diseases 
should be important in economic and human terms and, preferably, 
costly in terms of hospital time and skills and information should 
he available for the diagnostic groupings from the major sources 
of.data. Seventeen diagnoses for both immediate admissions and 
ell admissions* and four operations were selected. These are 
listed in Table 1. Only two of these diagnoses were used in the last 
stages of the analysis, Cerebrovascular disease and Pneumonia, to 
represent the whole group.
On examination of the available data, it was concluded that the 
fifteen Regional Hospital Boards of England and Wales would be the 
most suitable units of analysis. The selection of these units of
* In the United Kingdom, a high proportion of admissions are 
arranged through waiting lists.
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analysis necessitated aggregation or splitting of data, in some 
instances, as comparable areas of the country are not always used 
by the major government agencies collecting health and health 
related information. The actual numerical values obtained by 
such manipulation of the data can only be approximations to the 
exact values and, for this reason, it was decided to convert the 
calculated values to ranks and use these ranks in subsequent analyses. Ranking was also used because m  many cases, it is uncertain which 
measure of central tendency should be used, and the values of the 
mode, median or mean appeared to maintain the same rank order 
throughout the 15 Hospital Regions.
The variables were grouped on the basis of a priori theoretical and 
Substantive considerations. Among the 321 independent variables, 
one group represented Socio-demographic characteristics and five 
represented various aspects of the medical care system, namely 
Community expenditure, Traditional general practice, Hospital 
resources and performance, Met demand* and Efficiency of care**.
The 409 variables measuring final outcome were represented by five 
groups: Deaths under one year, Total mortality, Deaths in hospital, 
Multiple diagnoses (measures of case complication) and Certified 
incapacity (the latter comprised the only variables available as 
measures of morbidity in the total population).
* This group consists of hospital utilization variables which are
population based such as outpatient attendance and discharge rates.
** This group comprises those variables relating to hospital activity 
such as time on waiting list and duration of stay.
i
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The initial stage of the analysis was concerned with determining 
the most ' relevant' variables from among the large number selected 
in the first instance. In a preliminary analysis the outcome 
(dependent) variables were cross-correlated (using Spearman's rho) 
with each of the socio-demographic/medical care variables (independent). 
Following the correlation analysis, it was possible to rank the 
variables in terms of their number of 'large* correlations (R 0.7).
This enabled the most consistently relevant variables to be identified. 
However, it was recognised that the importance of a particular variable 
may be masked in a strict count of large correlations. Therefore 
further criteria were also used to select variables based on their 
possible relevance in epidemiological and medical care terms.
The rank values for each of the 15 Hospital Regions of 66 independent 
variables and 38 final outcomes so selected from the larger number 
introduced into the preliminary cross-correlation analysis were 
converted to standard scores and the correlation coefficients recalculated. 
On factor analysing the two groups of variables separately» certain 
variables were found to be of low commonality and were dropped from 
subsequent runs.
After this further selection process, 44 independent variables and 
32 final outcomes were retained. From factor analysis it was possible 
to identify clusters of variables within the three groups.
The distinctive clusters conformed closely to the a_ prion groupings
-12-
that had been used in the first stage of the analysis. Within the 
socio-demographic set two sub-sets could be distinguished, status 
and "urbanization". The clusters and their constituent variables 
are shown in Table 2.
A principal factor analysis was then performed for each cluster, 
each variable weighted by its factor score* and the weighted variables 
aggregated in an additive manner to form combined indices representing 
as far as possible the theoretical dimension associated with each 
cluster of variables.
The combined indices were factor analysed, and three factors extracted 
using the principal factor solution. (The total variance extracted 
by the three factors was 87.6%, being 39.12, 35.4% and 13.1/. for 
Factors (1), (2) and (3) respectively). An oblique transformation 
of these three factors still resulted in the correlations between 
them remaining almost zero so that they may be considered as being 
effectively orthogonal. This is important as no assumption was made 
of non-relatedness amongst the theoretical dimensions.
Examination of the factor pattern matrix (Table 3) shows that Factor (1) 
appears to represent an urbanization/medical care dimension, Factor (2) 
a socio-economic status/community mortality and morbidity dimension 
and Factor (3) an urbanization/hospital mortality dimension. A number
* The factor score for each variable is also shown in Table 2.
The number of large correlations associated with each variable is 
also shown in this table.
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°f the combined indices are loaded on more than one factor* Thus 
urbanization appears to contribute equally to Factor (1) and Factor 
(3). Although socio-economic status appears to be mainly loaded on 
Factor (2), it does also make some contribution to Factor (1). Of 
the outcome indices» Deaths in hospital appears to be measuring a 
different dimension of outcome because, although loaded on Factor (2) 
which is the main factor representing outcome, its largest contribution 
¿s to Factor (3).
A multi-stage regression technique developed by one of the authors (10) 
from a method of Mood (11) was used to partition the variance in each 
combined outcome index between the socio-demographic and medical 
care components* shown in Table 3.
The bar diagrams in Figure 1 show the proportion of variance in 
each of the five combined outcome indices explained by the medical 
care and socio-demographic components respectively, and the joint 
contribution (collinearity) of these two components. The collinearity 
is a measure of the degree of overlap or lack of independence of the 
two components.
Each combined outcome index consists of a weighted combination of 
a number of individual indicators in which the weightings are the 
appropriate factor scores. If, within each combination of variables, 
there are considerable differences among the individual indicators
* The term 1 componentV is defined as a group of indices and is not to 
be confused with the terminology used in principal component analysis*
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in sensitivity to variation in medical care, which are not reflected 
in the weightings, the effect of those indicators more sensitive 
to medical care variation may be masked by those in which the relative 
contribution from the socio-demographic component is large. A number 
of individual outcome indicators were therefore selected for a 
similar analysis from within each of the five groups of variables which 
constitute the combined outcome indices. The bar diagrams showing 
the partitioning of variance in each individual indicator between the 
medical care and socio-demographic components can also be seen 
grouped with the representation for the combined index to which they
contribute.
Deaths Under One Year.
The proportion of variance explained in this combined index is 0.70.
The contribution to the variance explained from the socio-demographic 
component is 0.36 compared to 0.25 from that measuring medical care. 
Thus environmental influences appear to make a slightly greater 
contribution to this index of Deaths under one Year.
The five individual indicators contributing to this index have equal 
weightings (see Table 2). Two indicators, Infant Mortality per 
1000 live births and Perinatal Mortality per 1000 live births, were 
selected for further analysis. The contribution of the socio­
demographic component to the variance explained in Infant Mortality 
is more than twice that from the medical care component, while, for 
Perinatal Mortality, the contribution from the two components is 
almost equal. As Perinatal Mortality comprises stillbirths and
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deaths during the first week of life, this finding confirms what 
is currently known about the effects of medical care on infant 
mortality shortly before, during and shortly after childbirth when 
environmental factors appear to be of lesser importance.
Total Mortality.
The proportion of variance in this index of mortality explained 
by the medical and socio-demographic components is 0.75, which is 
slightly higher than that for Deaths under one Year. Further 
examination of the partitioning of the variance between these two 
components shows that the socio-demographic component explains 
four times as much of the variance in this outcome index as the 
medical care component, indicating that the socio-demographic 
variables account for most of the variation m  this index.
Three individual indicators were selected from within this group 
for further analysis, Death Rate (adjusted) per 1000 home population, 
Standardized Mortality Rate for Cerebrovascular disease in Males 
and Age-Sex Specific Death Rate for Pneumonia in Males aged 65-74. 
The proportion of variance in these individual indicators explained 
by the medical care and socio-demographic components varies from 
0*54 for Death Rate (adjusted) to 0.82 for Age-Sex Specific Death 
Rate. The partitioning of variance between the two components 
also differs markedly for these three indicators. The indicator, 
Death Rates (adjusted), appears to be equally sensitive to medical 
care and environmental influences. The other two indicators in
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this group do not show a similar sensitivity to medical care.
In Age-Sex Specific Death Rate - Pneumonia in Males 65-74, the 
contribution from the socio-demographic component is very large 
(0.78), which is probably reflecting deficiencies in the environ­
ment of the patients. The joint contribution of the socio- 
demographic and medical care components to the variance explained 
in the indicator, Standardized Mortality Ratio for Cerebrovascular 
disease, is of the same order of magnitude as the individual con­
tribution from the socio-demographic component, implying an incomplete 
separation of medical care and environmental influences for this
indicator.
Deaths in Hospital.
The proportion of variance explained in this combined index is high 
(0.88), but the contribution of the medical care component is 
just over half that of the socio-demographic. The collinearity 
is negative, indicating the existence of suppressor effects.
Examination of the partitioning of variance in the seven individual 
indicators selected from this group, shown in Pigure 1, reveals 
first the existence of two distinct groups, namely deaths within 
48 hours and all deaths (the latter group is divided into immediate 
admissions* and all admissions). , The former group, which describes 
the mortality experience of patients admitted as emergencies and 
dying in the first two days following admission, is characterised by a
* In the United Kingdom a large proportion of patients referred to 
hospitals with less severe diagnoses are not admitted immediately, 
but through a waiting list, which, in some cases is of many weeks
duration.
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relatively low proportion, of variance explained, a small contribution 
from the medical care component and either a small positive collinearity 
or no joint contribution from the socio-demographic and medical care 
components. The relatively low proportion of variance explained, 
particularly in the case of Cerebrovascular disease and All diagnoses, 
implies that certain variables of significance in emergency admissions 
and very severe cases have not been included. These missing 
variables are probably related to the seriousness of tha patient's 
condition, and not to the medical care system, as the distinct 
contribution of the medical care component to the variance explained 
is similar for the two individual diagnoses and for all diagnoses.
The proportion of variance explained for these three individual 
indicators parallels the factor Bcore weightings, shown in Table 2,
Vhich were used in the construction of the combined index for 
heaths in Hospital.
The remaining four variables selected from those contributing to 
this combined index are measures of case fatality rates for all deaths 
(both before and after 48 hours of admission). The proportion of 
variance explained in these individual indicators is relatively high, 
ranging from 0.73 for Immediate Admissions for pneumonia to 0.93 for 
Tmmediate Admissions for all diagnoses. For the two specific diagnoses 
elected, Cerebrovascular disease and Pneumonia, the distinct contribu­
tion from the medical care component is less than half that from the 
socio-demographic component. The proportion of the variance in case 
fatality rate for all diagnoses explained by the medical care component
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alone is the same for all admissions and immediate admissions. 
However, the contribution from the socio-demographic component is 
higher for immediate admissions and this also accounts for the higher
proportion of total variance explained in this indicator.
Multiple Diagnoses.
The combined index, Multiple Diagnoses, is currently used as a proxy 
measure of case complication rate, albeit a crude one, as the 
additional diagnoses may be concurrent conditions and not necessarily 
complications affecting the principal diagnosis. This index appears 
to be most sensitive of the five outcome indices to variation in 
medical care. The contribution from the medical care component is 
almost four times as large as the contribution from the socio­
demographic component. However, it is perhaps questionable whether 
this indeed can be considered as a true measure of outcome. It 
appears to be more strictly a measure of process - a function of the 
available technology, the sophistication of the system of medical 
care and the attitudes of health professionals. This is borne out 
by the pattern of the factors extracted on factor analysing the 
correlations between the combined indices, shown in Table 3< It 
can be seen that, of the five oombined indices, Multiple Diagnoses 
loads most highly on Factor 1 which is the factor representing 
characteristics of the medical care system.
Four individual indicators were selected for further analysis from 
the group of variables comprising this index. With the exception
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of Multiple Diagnoses rate (immediate admissions)! Cerebrovascular 
disease, the proportion of variance explained by the socio-demographic 
and medical components is high, varying from 0.73 to 0.84. For the 
two individual diagnoses, Cerebrovascular disease and Pneumonia, there 
is essentially no contribution from the socio-demographic component to 
the variance explained. The contribution from the medical component 
is high for Pneumonia, being almost twice that for the other single 
diagnosis, Cerebrovascular disease. The partitioning of variance . 
between the medical care and socio-demographic components shows a 
different pattern for immediate admissions and all admissions when 
calculated over all diagnoses. In the former case the contribution 
from the medical care component is almost twice that from the socio­
demographic component, but, for all admissions, the reverse situation 
applies (probably, in the case of immediate admissions, for more 
severe cases, more intensive and dedicated care is common, which 
may mean that additional problems are more likely to be diagnosed).
The collinearity is relatively high for Multiple Diagnoses rate for 
all diagnoses for both immediate and all admissions, implying an 
incomplete separation into medical care and socio-demographic 
components.
Certified Incapacity.
The only measures of morbidity that could be obtained from the 
routinely published statistics related only to the working population 
and their days and spells of incapacity for work as certified by 
general practitioners. For the combined index, Certified incapacity,
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the contribution of the medical care component is less than half 
that of the socio-demographic component.
This index comprised two individual indicators. One of these»
Days Certified Incapacity per 1000 males, was selected for further 
analysis. This indicator showed the same degree of sensitivity 
to medical care as the combined index, but the contribution from 
the socio—demographic component was almost halved. This reduction 
in Sensitivity to socio—demographic influences accounted for the 
decrease in the proportion of variance explained.
4. Discussion.
It would be outside the reasonable length of this paper to discuss 
extensively all the possible implications of each individual finding. 
However, the overall results of this study seem to indicate that 
indices constructed from the traditional outcome measures are more 
sensitive to variations in the socio-economic and environmental > 
circumstances of the population than to the amount and type of 
medical care provided and/or available. This seems to be especially 
true for those indices, such as infant mortality or certified 
incapacity, which are community based. By contrast, those indices, 
such as case fatality rates (especially case fatality rates: immediate 
admissions for ail diagnoses), which apply to care provided in hospitals, 
appear to be relatively more sensitive to medical care. Possible 
implications could be: first, that these indices are not really 
measuring health outcomes; and, second, that health outcomes are 
even less affected by medical care than is currently assumed; or a
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combination of both. However, before statements as condemnatory 
as these can be justified, it is necessary to consider the 
problems of validity and reliability of the indices. This is 
a difficult area due to lack of criteria, external to the indicators 
themselves. The indices used in our study are a function of the 
quality of the data input. The quality of the data used, although 
the 'best* available, was less than perfect; if, for no other 
reason, than aggregation and splitting of the data was necessary 
in those cases in which comparable areas were not used by the 
agencies collecting the information. Deductions made from analyses 
of existing data, however complete, cannot, in a case like this, be 
a satisfactory substitute for those based on experimental methods, 
though they can form the basis of hypotheses. Experimental evidence 
ia required both to sustain the hypothesis and to establish the 
Magnitude of the cause-and-effect relationship between given factors. 
Causal relationships cannot be proved from the results of such a 
study; they can only be inferred.
The regression method is sensitive to the strengths or weaknesses of 
the material used. The more precise and detailed the observations, 
end the greater the understanding of the structure of the medical 
care system, the greater the confidence that can be placed in the 
conclusions. To obtain the best picture, particularly when 
Egression analysis is employed, the numbers of units of analysis and 
of variables are of crucial importance. In our case, there was a 
need to obtain enough information (usually produced by different agencies)
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in as many units of analysis as possible. In our study only 15 
units were used, and possibly these are too few for an ideal use 
of multivariate analysis techniques. However, as incremental 
contributions to the variance were estimated rather than regression 
coefficients, a small number of units of analysis is less critical.
There were a number of theoretically important variables in both the 
independent and dependent groups which could not be incorporated 
because no information was available. These included survival 
rates for certain diseases, patient satisfaction, restoration of 
physical and social function and also the amount of residual morbidity 
outside the hospital (certified incapacity is not a good indicator of 
the amount of illness in the community). Indices of health measuring 
disability presented a particularly intractable problem. There was 
very little information available and the local registers were 
incomplete and thus inadequate for our purposes. Among these missing 
variables were some that may have provided the most satisfactory 
measurements of outcome of care, but a population survey would have 
been necessary to provide this information. If special studies of 
this type were able to show that these missing indicators were strongly 
associated with the indicators measuring aspects of medical care, then 
a good case could be made for keeping augmented records routinely.
A possible fallacy which could be of importance and which has caused 
difficulty in previous social research is that the patients who 
provided the information for the outcome indices may not have the
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socio-economic characteristics of the resident population from which 
some of the independent variables were derived. In general it is 
assumed that utilization of health services does in fact vary according 
to social class, (even within a health services system in which there 
is open access to medical care) so probably the patients are not a
A
representative cross-section of the population. Conclusions are, 
however, drawn about areas and not individuals and it was assumed, 
in this study, that the extent of the discrepancy does not differ 
between the units of analysis.
To eliminate this difficulty would require either specific studies 
on the patients to determine their socio-economic characteristics, 
or that such information should be collected routinely about each 
patient, which is not at present done in the Study Areas.
K>st of the other pitfalls of the methods in this study have been 
mentioned as the relevant methods were explained. However there is 
one further point that needs discussion: the combination of indicators 
which may have elements in common.
Tn a weighted combination of two indicators, which have a common 
element, the size and sign of the weightings must be taken into account 
in the interpretation of the combination. If both weightings are 
of the same sign then the importance of the common element is increased: 
when the weightings are 'of opposite sign the importance of the common 
element is reduced. For example, in the combination of peri-natal
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®ortality (stillbirths and deaths within one week of birth) with 
infant mortality (deaths within a year of birth)* the importance 
of ’deaths within one week of birth* is accentuated.
A. different problem arises when studying individual indicators, one 
of which is included within the other: for example, the partitioning 
of variance in the case of hospital deaths within 48 hours due to 
cerebrovascular disease, and total hospital deaths (within and outwith 
48 hours) for the same diagnosis. The variance explained for deaths 
within 48 hours is low (0.23) with the largest contribution from 
the medical care component (0.11), whilst the variance explained 
for total deaths is high (0.83) with a high socio-demographic 
component (0.63). Two separate issues are apparent in explaining 
the difference in the partitioning of the variance in these two 
indicators. Firstly, the low proportion of variance explained 
for deaths within 48 hours suggest that the variables included in
this study were not appropriate to the consideration of more urgent
* ♦
cases (for instance, no data on availability of intensive care units 
was included). Secondly, the contribution from the socio-demographic 
component is high for total deaths in comparison to that for deaths 
within 48 hours indicating that, for those cases in which death does 
occur within 48 hours, recovery is more dependent on socio-demographic 
characteristics (probably due to the different case-mix in these 
Patients).
Ftom these findings it would appear that the weakest group of independent
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variables may be those measuring medical care, while the socio- 
economic/urban characteristics of the population are better 
described by the variables included in the socio-demographic group 
(this last type of information was mainly census based). This is 
borne out by the partitioning of variance in some of the other 
indicators of outcome.
At this point it must also be emphasized that, although, m  most 
cases, the ’combined indices’ explained a larger proportion of 
variance, they were not more sensitive to medical care than all 
their constituent indicators. These combined indices, however, 
have other advantages, as outlined previously.
After this necessarily brief review of some of the. possible 
methodological shortcomings in this study, let us assume that 
these results may be expressing, albeit crudely, a real phenomenon.
In other words, the impact of medical care on the indices measuring 
outcome is only secondary to the effect of the socio-economic and 
environmental circumstances of the population. This does not 
necessarily mean that medical care is not affecting health but that 
the traditional measures (with the possible exception of case fatality 
rates) may be inappropriate for use in at least part of the planning 
of health services.
Two very important stages in this planning process are! initially, 
the detailed description of the actual situation in terms of health
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status and later, after implementation of policy decisions, a 
periodic focused evaluation of the achievement of objectives.
The first analysis is based mainly on information of the frequency 
and distribution of health problems, and it is for this purpose that 
most of the outcome indices analysed in this study could be used.
These indices still remain the most readily available proxy measure­
ment of health status of a Community and it must always be borne 
in mind that the events which comprise rates have an intrinsic value 
in themselves (for example, the death of a child) which goes beyond 
the statistical meaning of the rates. One must consider individuals 
(even single cases) when formulating social policy.
However, it is in the later stage of evaluation, mentioned previously, 
that a very important problem arises. To be able to evaluate 
effectiveness and quality of our programmes, it is necessary to 
focus on those aspects of the health-sickness process that theoretically 
can be affected by our efforts. This is where the value of many of 
the indices used in our study is very limited. Most of the important 
advances of medical care in the last 20 or 30 years are related to 
the quality of life before death for which we do not have, as yet, 
any precise measurements. An example of this is osteo-arthntis of 
the hip which seriously restricts mobility and produces sufficient 
pain to very severely disable the patient. In many cases regular 
analgesics are needed even when the patient is resting. However, 
since the early 1960's, an entirely successful operation can be 
performed, the arthroplasty of the hip, which changes those patients
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affected by this gross disablement into practically normal individuals. 
It is difficult to imagine a more dramatic improvement in the quality 
of life due to medical care. Measurement of improvements such as 
these are not to be found amongst the traditional indicators of 
outcome (case fatality rate of arthroplasty of the hip operations 
is only 1.22).
This lack of appropriate indicators is even more pronounced in the area 
of primary medical care, only a small part of which is concerned with 
mortality, and where evaluation based on measures of morbidity does 
not give credit to the work of those health teams, who are concerned 
also with the patient's social, emotional and psychological well­
being.
To conclude, it is important to emphasize that health is not fully 
describable in terms only of mortality, morbidity and disability, , 
and it is probably in the search for new indicators of quality of 
life that the way forward lies.
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TABLE 1
ICD CODE
140-99
151
162
174
185
204-7
250
410
411-4
430-8
454
480-6
531-3
540-3
550-3
574-5
N820
GRO CODE
410-1
520-9
441-4
893-4
SELECTED DIAGNOSES AND OPERATIONS
DIAGNOSIS
All malignant neoplasms 
Malignant neoplasm of stomach
Malignant neoplasm of trachea, bronchus and lung 
: Malignant neoplasm of breast 
Malignant neoplasm of prostate
Leukemia
Diabetes mellitus 
Acute myocardial infarction 
Other ischaemic heart disease 
Cerebrovascular disease
Varicose veins of lover extremities 
Pneumonia
Peptic ulcer (excluding gastro-jejunal ulcer) 
Appendicitis
Hernia (with or without mention of obstruction)
Cholelithiasis and cholecystitis 
Fracture of neck of femur
OPERATION
Inguinal hernia repair 
Gall bladder operations 
Appendicectomies 
Varicose veins operations
TABLE 2
CLUSTERS AND THEIR CONSTITUENT VARIABLES
gfYiTn-DEMnr.RAPHIC Cw ip ìHTERTSTICS
Factor Score
So. o f  large
Correlation* 
(H>07)
Demographic: 
Socio-economic:
1- SO CIO -ECO N O M IC STATUS
Lover ou artile  age o f  the to ta l population 
Upper ouartile  age o f  the male population 
Households per car 
Socio-economic group:
Foreman 4 Supervisors, sk illed  manual 
workers, own account workers, (6,9,12,14)
• Socio-economic group:
Employers 4 Managers (1 ,2,13) 
t  o f  households having rateable values £100
o r  less
Jf o f  students remaining in  school a fte r  
statutory school-leaving age
*■ urbanization
5 °J »le tion  per hectare 
*  o f  females economically active
0.8 53
0.6 34
-0.5 101
« p VO 91
0.9 89
-0.9 85
0.7 44
1.01.0 5050
fm m n T C R T ST T C S OF THE M EDICAL CARE SYSTEM  
COMMUNITY e x p e n d it u r e
Executive Council expenditures on General Medical Services 
k>cal Authority expenditures on Social Services 
Total expenditures on Health and Soda1 Services
TRAD ITIO NAL g e n e r a l  p r a c t ic e
i  o f  General Practitioners in  solo practice 
Median age o f  General Practitioners
H O SPIT A L RESO URCES AND PERFORMANCE
Nurses & Midvives per 10,000 population 
Total hospital manpower per 100,000 
population
General Medical SHMO and Consultants 
per 100,000 population
Average da ily  occupied beds per 1000 
population
Obstetrics: ante- and post-natal 
beds per 1000 females, aged 14-44
Hospital manpower:
Hospital in-patients:
Teaching hospitals: 
Beds per m illion  fo r :
Deaths and discharges sa a $ o f  a l l  
deaths and discharges
Malignant neoplasm 
Hernia
Acute myocardial in farction  
Peptio u loer 
Cholelith iasis
Malignant neoplasm o f  trachea.
0.7
0.7
0.9
1.01.0
o 9 
0.9 0.8
0.9
0.7
0 3
09 0 8 0 9 
0.7 
0.5
0.9
73
55
44
84
48
52
49
54
926a
5776
74
73
72
60
53
TABLE 2 co n tin u ed
Factor Score
No o f  large 
Correlations
(R Z 0 .7 )
KET DEMAND -
Outpatient attendances per 1000 population 
Discharge rate fr o »  hospital per 10,000 population fo r :
Peptic u lcer 
Hernia
A ll diagnoses
efficiency of cabs
Ties on waiting l i s t  before adaission to hospital fo r :
Peptic u lcer 
Hemia
A ll diagnoses
Median duration o f  stay in  hospita1 for:
Peptic u lcer 
Hernia
A ll  diagnoses
Median duration o f  stay (immediate admissions) fo r :
Acute »yocardial in farction  
Peptic u lcer 
C holelith iasis
Median time on waiting l i s t  (Operations) fo r :
C ell bladder 
Varicose veins
Valting time in  hospital before operation fo r :
Gall bladder
Duration o f  stay in  hospital (Operations) for:
Varicose veins In »a les  
Gall bladder in  females
0.8 50
0.7 19
0.5 16
0.9 13
-0.6 10
.0.8 31
-0 7 21
0.8 42
0 8 30
0.8 3*
0.7 17
0.6 29
0.6 11
-0.8 33
.0 8 28
0 5 12
0.8 17
0.6 17
TABLE 2 o o n tin u ed M EASURES OF TO1AL OUTCOME
Factor Scora
No. o f  largo 
Correlations (WS 0.7)
I  DEATHS UNDER ONE YEAR
Infant m ortality per 1000 l iv e  births 
Perinatal m ortality per 1000 l iv e  births 
Neonatal m ortality per 1000 l iv e  births 
Environmental deaths per 1000 to ta l «births 
Infant death rate fo r  pneumonia
8- MORTALITY (T o ta l)
Death rates (adjusted) per 1000 home population 
Standardised m ortality ratios fo r !
Malignant neoplasm o f  trachea, bronchus and lung in  males 
Cerebrovascular disease in  males
Age-sex apecifie  death rates:
Malignant neoplasm o f  trachea, bronchus and lung in males ¿5-74 
Cerebrovascular disease in  males ¿5-74 
Pneumonia in  males 65*7*
3 deaths in  hospital
Case fa ta l it y  rate per 100 discharges within 48 hours o f  
admission ( a l l  admissions):
Cerebrovascular disease
Pneumonia
A ll diagnoses
Case fa ta l it y  rate net per 100 discharges (a l l  admissions):
Cerebrovascular disease
Pneumonia
A ll diagnoses
Case fa ta l it y  rate per 100 discharges within 48 hours o f  admission 
(immediate admissions):
Cerebrovascular disease
Pneumonia
A ll diagnosee
Case fa ta l i t y  rate net per 100 dischargee (immediate admissions): 
Cerebrovascular disease
Pneumonia '
A l l  diagnoses
1.0 8
1.0 8
1 0 7
1.0 6
1.0 10
0.9 8
0 5 13
0.9 19
0 3 20
0 9 17
0.8 9
0.30.8
0.4
0.8
0.80.8
0.30.7
0.4
0.9
0.90.8
133
1
8
3
TABLE 2 co n tin u ed
Factor Score
4. MULTIPLE DIAGNOSES (Complicated cases)
Maternity complications:
Abortions, therapeutio and other
Multiple diagnoses rate per 100 discharges for:
Cerebrovascular disease
Pneumonia
All diagnoses
Multiple diagnoses rate per 100 discharges (immediate admissions) fori
Cerebrovascular disease
Pneumonia
All diagnoses
06 0.8 
0 7
0.7
0.9
0.9
5 CERTIFIED CAPACITY
- Inception rate per 1000 males ? ^
Days certified incapacity per 1000 males
No. of large 
Correlations (R 2 0 .7 )
6
0
9
10
3
54
12
13
table 3
OBLIQUE factor pattern matrix of the combined indices after rotation
combined in d e x FACTOR (1) FACTOR (2) FACTOR (3) COMMUNALITY
socio-d e m o g r a p h i c indices
Socio-Economic Status 0.42 0.82 -0.13 0.86
Urbanization 0.61 0.06 0.70 0.92
m e d i c a l ca re indices
Community Expenditure 0.67 0.40 0.34 0.78
Traditional General 
Practice 0.90 -0.02 0.20 0.87
Hospital Resources 0.97 -0.11 -0.08 0.95
Met Demand 0.91 -0.20 -0.26 0.91
Efficiency of Care 0.91 -0.12 -0.06 0.83
final ou t c o m e indices
Deaths Under One Year 0.20 -0.90 0.17 0.84
Mortality 0.07 -0.94 0.25 0.92
Deaths in Hospital '0.19 -0.41 0.90 0.93
Certified Incapacity 0.03 -0.93 0.03 0.84
Multiple Diagnoses -0.32 0.64 0.19 0.85
FIGURE 1
THE SENSITIVITY OF COMBINED OUTCOME INDICES AND INDIVIDUAL HEALTH INDICATORS TO MEDICAL CARE 
(PROPORTION OF VARIATION EXPLAINED BY MEDICAL CARE AND SOCIO-DEMOGRAPHIC COMPONENTS).
DEPENDENT VARIABLE MEDICAL CARE SOCIO-DEMOGRAPHIC COLLINEARITY PROPORTION OF 
' VARIANCE EXPLAINED
DEATHS UNDER ONE YEAR .25 .36 .09 .70 .
Infant Mortality per
.631000 Live Births .18 .39 .06
Perinatal Mortality 
per 1000 Live Births .26 .29 .06 .61
TOTAL MORTALITY .14 .56 .05 .75
Death Rates (Adjusted) 
per 1000 Home Population .29 .24 .01 .54
Standardised Mortality 
Ratio: Cerebrovascular 
Disease in Males .08 .29 .25 .62
Age-Sex Specific Death 
Rate: Pneumonia in 
Males 65-74 .07 .78 -.03 .82
DEPENDENT VARIABLE MEDICAL CARE
FIGURE 1 (continued).
MULTIPLE DIAGNOSES .50
Multiple Diagnoses Rate:
All Diagnoses .21
Multiple Diagnoses Rate:
Immediate Admissions
a. Cerebrovascular Disease .37
b f Pneumonia .63
c. All Diagnoses .41
CERTIFIED INCAPACITY .22
.29
Days Certified Incapacity 
per 1000 Males
SOCIO-DEMOGRAPHIC COLLINEARITY PROPORTION OF 
VARIANCE EXPLAINED
.13 .16 .79
.39 .22 .82
.01 -.01 .37
.03 .06 .73
.21 .22 .84
.50 .05 .77
.26 -.01 .54
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SUMMARY
A proposal is being made for the use of combined health outcomes in 
formulae used for resource allocation between areas or hospitals. A 
possible methodology is described for the combination of mortality, 
morbidity and disability indices, and an example provided with informa­
tion about 15 hospital regions in England and Wales.
Preliminary results support the suggestion that outcomes in some 
hospital regions differ from those expected on the basis of their 
medical facilities and social status. The limitations of traditional 
health indices and the data available are also discussed and future 
steps proposed.
INTRODUCTION
Major improvements in health and in life expectancy are often attributed 
to advances in medical science, but changes in the environment and 
improved standards of living have also played an important part.
Because of this, evaluation of the importance of medical advances is made 
difficult, since these extraneous factors are largely outside the influence 
of those responsible for medical care.
Infant mortality rates provide a typical example of confusion in this field 
for they have been shown to depend more on such extraneous factors than 
on the quality of medical care. Traditional health indices are often 
poor indicators of the true picture of health and disease, probably
because they were initiated for purposes of routine administration» 
and are necessarily somewhat inefficient when used m  another context — 
that of evaluating the health service in terms of its impact on health 
and disease in the community« Nevertheless» they are m  many cases 
the only TOasures available« While we should not underestimate their 
usefulness, we must recognise that they are not sufficiently sensitive 
to monitor changes in the provision of medical care.
The purpose of this paper is to present some preliminary results in the
search for new and better health indices and particularly for those
sensitive to changes in the provision of medical care. Such measures,
should they be found, could be of considerable value for the planning
of health services and the more efficient use of techniques, such as
, . 1 , 2 ,3,4, 5, 6, 7, 8, 9.cost-benefit analysis, PPBS, and systems analysis.
Outcomes and medical care.
Three features of the interrelationship between illness and services10 . . . .have been identified: structure, process and outcome . Ail are 
interrelated, and in fact mutually reinforcing.
This paper reports work in progress in the development of sets of 
combined ’traditional’ health outcome indices. By outcome or end 
results we mean the final health status of individuals after discharge 
or exit from a medical care system. This operational definition 
involves the idea of a change occurring between entrance into and exit 
from the system and the potential importance of individual experiences 
with health services.
Traditionally these outcomes are measured by morbidity, mortality and
3 -
disability indices, although awareness of their limitations and the 
need for new measurements is a constant subject of most literature 
in health indices. However, since they are still used extensively 
all over the world, our first efforts were concentrated on them.
Our research objectives were (a) to extend the limited area of current 
knowledge concerning outcomes of medical care and the effect of extraneous 
variables in the determination of these outcomes; and (b) to develop a 
more comprehensive set of simple measurements that could be used as a 
first "detector” of abnormal situations and be expanded into a continuous 
monitoring system with automatic sensors for detection of particular areas 
in which existing knowledge is deficient.
To demonstrate the potential utility of combined outcome indices, consider 
the example of the current method of allocating funds to hospitals in the 
D.R. At the present time, revenue is allocated to each of the 15 hospital 
regions in England and Wales on the basis of its population, age and sex 
structure, average daily total of occupied beds by specialty, and case- 
flow. This formula is being progressively introduced. No data about 
needs, nor about outcomes of medical care for the region's population are 
included** although it might possibly be argued that using adjusted 
population figures could provide a proxy indicator of medical needs. We 
propose that the incorporation of a set of outcome indices according to 
this formula could perhaps ameliorate some of the deficiencies, and supply 
some of the missing information about the efficiency and effectiveness of 
care. However, other criteria must also be used to determine the alloca­
tion of resources between regions or to decide on additional financing 
needed for a particular region, and of course, the use of outcome indicators 
should not exclude using indicators of structure or process of delivery
-4-
°f care (e.g. beds available or discharge rates).
What are the advantages and disadvantages of outcomes as indicators of 
medical care?
** The most important advantage would be their acceptability.
The absence of disease, or reduction of disability are culturally 
defined, and are assumed to reflect the contribution of care 
rendered by all health professionals. Furthermore, the results 
are capable of measurement, though there are difficulties when a 
long time-lag is involved before results can be assessed.
“ One of the main disadvantages of the use of outcomes to show the 
effects of medical care arises from the fact that they too are 
influenced by circumstances external to medical care. Housing, 
occupation, education, air and water pollution are some of the 
variables whose effects can combine with those of medical inter­
vention to confuse causal understanding. Certain outcomes which 
were formerly believed „to be related to medical care have now been 
recognised as predominantly influenced by socio-economic variables. 
For example, we have already mentioned infant mortality as being
influenced much more by socio-economic conditions than by medical 
12 13care. * * In addition the limitations of many individual out­
come indices, such as mortality rates, are widely recognized*^ and 
the difficulties of measuring morbidity and disability are well 
known. Understanding the last two factors is made even more 
complicated because they have different components, such as severity, 
duration, social impact, that have not been thoroughly explored.
We are aware that combined measures of mortality, morbidity and disability 
will also be incomplete in two senses: first, the combined indices do not
- 5 -
include the positive aspects of health; and second, the development 
of these measures will require several progressively "finer" definitions
from the initial crude measures.
\
METHODOLOGY.
A necessary step in the development and/or evaluation of health indices 
is the construction of models in which the relationships between health 
(as a theoretical concept) and the socio-economic and medical environ­
ment of the individual are expressed. Such efforts have, in the past, 
usually been unsuccessful due to the lack of appropriate methods. Probably 
modelling offers a unique way of understanding the forces underlying the 
interaction of health and ecology, but their relationship is so intricate 
^and complex that such an effort would have been outside the resources 
available for our study. Therefore, no attempt has been made in this 
study to develop a comprehensive model of health.
However, all analysis must be done with a certain model in mind, which 
may or may not be made explicit. Typically, the thinking is in terms 
of regarding a certain social condition, for example health, as depicted 
by a set of background variables (within and/or without the system of 
health care) which in turn produce certain behavioural elements, health 
outcomes in our case. The design would then study how outcome elements 
vary with changes in the background variables. Here the level of analysis 
and the value of the results will be a function of how many variables the 
analyst is able to handle simultaneously and how well it is possible to 
explain "how the processes run" (or how the variables are related).
The theoretical model on which our study was based is explained below.
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In a particular area, a set of characteristics of the individual, the 
environment and the medical care system (depicted by S, where each 
element "s" represents one aspect of the social-demographic or medical 
care characteristics of an individual) results in a set of health out­
comes (depicted by H, where each element "h" represents one aspect of 
the health status of an individual). H and S are theoretical constructs 
in that they may not be observed directly, but are believed to have a 
real existence. We have chosen to represent the observed measures of 
H and S by a set of outcome indicators (HI) and a set of socio-economic, 
environmental and medical care variables (SI) respectively. The 
relationships described are shown diagramatically in Figure 1.
(Figure 1)
The elements of HI and SI are not direct observations of the theoretical 
constructs, so we must recognise that we could be failing to describe 
the "true" or "real" characteristics of the elements of H and S. If 
the assumptions are made that the different elements of H and S would 
be revealed in a factor analysis and that the variables included in the 
study actually represent outcome and social factors, we can find the 
extent to which the observed elements of HI and SI fit the model. We 
attempted to determine the interrelationships between the elements of 
H and HI by factor analysing the correlations between all elements in 
the HI set.
Values of the health outcomes in the set H were estimated by the use of 
Weighted combinations of the outcome indicators. A similar approach 
was used to determine the interrelationship between the sets S and SI. 
Since the final selection of variables from the HI and SI sets has been 
based on the interrelations of these two sets, the factors in the H and 
S sets should be related.
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The use of composite outcome indices has been advocated in the past 
with the argument that, by summarizing closely related measures, the 
composite indices will greatly facilitate analysis of community health 
status *■*, However, there is no agreement in the literature about 
the degree to which aggregation of social indicators is acceptable and 
the artificial grouping together of quite unrelated or different 
variables has been deplored***. Frequently a variable may measure 
two different aspects of the same dimension or one variable may be a 
component of another. An example of the latter would be "Hours 
spent watching TV" as part of "Total Leisure Hours". Consider what 
has, in effect, been measured with these two variables.
Let T represent the total leisure time, W represent time watching TV, 
and H represent leisure time without TV. We can obviously write
T - W + U (1)
Suppose that hours spent on leisure activities measures in some way 
subjective "Leisure", as does hours spent watching TV. Now further 
suppose that the relative 'leisure-worth' of TV watching is w, and 
non-TV is u (where w and u are, at present, unknown) and if L is the 
"value of leisure"
L - vW + uU
(from 1) :
L ■ wW + u (T - W)
- wW + uT - uW
- (w - u) W + uT
(2)
The weighted combination of W and thus is effectively the same as 
the weighted combination of W and U (only the weightings differ), and 
if, in other cases, it is difficult to calculate the equivalent of 0,
-8-
or many different Us that make up the total value, then it is sensible 
to let each variable 'find* its own level, through a weighting
procedure.
To take another instance, if one attempts to measure an index of 
'healthiness* or ’affluence' of an area using various variables whose 
values may measure the same concept, the aim is to combine such values 
in a way most likely to be correct. The method used is effectively 
a weighted least-squares.
Combined health indices are also less susceptible to random or sporadic 
fluctuations than single indicators and would be more valid for use in 
geographical areas other than those included in this study.
These weighted combinations of variables are produced by the aggregation 
of socio-economic and medical care indices, on the one hand, and the 
outcomes indices on the other. Several combinations need to be prepared 
to test their differing sensitivities. By the use of regression on 
the factor scores for health outcomes by the factor scores for character­
istics of the individual, the environment and the medical care system, 
e*pected values of the areas (H) given the values of the particular 
Variables in the S set, can be predicted.
Re s u l t s o f p i l o t s t u d y.
As a test of this approach, a pilot study with very limited objectives 
was undertaken. The results are preliminary and are presented only 
to demonstrate the method.
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Two groups of 25 outcome indicators and 25 socio-economic and medical 
care variables were selected according to their relevance in previous 
work and their theoretical importance. These variables were assumed 
to represent some dimensions of medical care outcomes and socio-economic 
characteristics of the patients. Environmental data were not available 
for inclusion in the preliminary study. Value judgments» based as 
far as possible on previous research findings, have also been included 
in the first selection of the variables, and in the weighting (e.g. 
the relative weighting of lnnediate admissions or case fatality rate 
for the first 48 hours for particular diagnoses). (The list of 
these variables is presented in Appendix A). For these variables, 
the -15 regions of England and Wales were chosen as the units of analysis 
since they were the general groupings used for presenting published 
hospital data; further, the 15 regions provided a sufficient number 
of units of analysis and events; however, it was realised that other 
sources of data (especially socio-economic information) would have to 
he manipulated (aggregated, divided, etc.) in order to use the desired 
regions. Once the data about each of the 15 regions were obtained, 
the regions were ranked from highest to lowest and these rankings 
converted to z scores 17,18 and these t scores were used in the analysis; 
this technique was preferred because it did not require an analysis of 
the variance within a region and also because we recognized that the 
tank ordering was more important for our preliminary work than the 
actual numerical values.
Using the factor loadings from the factor analysis, the scores for the 
hospital regions can be seen in Table 1. The factor analysis of the 
intercorrelations between the elements of HI revealed that we were only 
able to isolate one element (h) from the set of H. We believe that 
this is due to the small number of variables and their heterogeneity;
-1 0 -
h is probably a global outcome indicator. At the same time, and 
probably for similar reasons, only one element (s) was isolated from 
the set S.
(Table 1)
A high, score on Outcome (H) means that this area scores better on 
medical care outcomes and a high score on characteristics of the 
population and medical care system (S) means that this area scores 
better on social status and medical care facilities. The scores, 
converted to ranks, where highest H and S rank 1, is shown in 
Table 2. (It should be noted that the numbers presented in Table 1 
have no meaning in themselves, rather, it is the difference between 
areas that is important.)
The Pearson correlation between Outcome (H) and Characteristics of the
population and the medical care system (S) was 0.69; the Spearman
tank correlation between H and S was 0.72, suggesting that the values
19vere almost normally distributed.
(Table 2)
Two groups can be discerned. This division of England into two 
different areas, North and South, has been a frequent finding in 
socio-economic studies and reinforces the validity of the analysis 
developed.
Given areas with equal rankings on social status and medical care 
facilities, one would expect (all things being equal) equal rankings 
on outcome.. Figure 2 shows the difference in rankings; a positive 
difference means that, in our study, an area has a better medical care 
outcome than one would expect, or a worse outcome if the difference is
negative.
(Figure 2)
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These suggest that areas such as Leeds, Oxford, and East Anglia are 
doing far better than one would expect on the basis of their combined 
social status and medical care facilities. Areas like Liverpool, 
South East, and South West Metropolitan, on the contrary, are much 
worse than one would expect. No attempt has yet been made to explain 
these differences.
DISCUSSION
As noted before, this paper presents only some preliminary results of 
the study of health indicators; further and more difficult steps yet 
to be taken are:
** The construction of other combined health indices; it
is obvious that the same indices of health are not applicable 
to different groups of the population at different times and 
places;
** the determination of the indicators most sensitive to medical 
care variation and those more sensitive to socio-economic 
and environmental factors;
*“ the verification that our observed indicators (HI and SI)
adequately represent the ’’true” or underlying factors (H and S). 
This verification may prove to be especially difficult, and 
it is not yet clear whether it will be possible to develop a 
set of relationships in health care similar to the work in 
input-output analysis economics.
It should also be stated that these results remain preliminary for 
several reasons:
“ Environmental variables were unfortunately not available for
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inclusion in this first analysis, although we had hypothesized
their influence on health outcomes In fact, we have only
been able to obtain three measures of environmental conditions
for further analysis: smoke concentration, sulphur dioxide
concentration, and solid fuel consumption per household. This
important type of information is woefully lacking by comparable
geographic or administrative areas. Information on climate,
water supply, sewage treatment, air and noise pollution are
needed before a satisfactory analysis of their impact on health
'20 .outcomes can be made.
There are several severe limitations on the data that we used 
in the analysis: regularly published data related to health 
and health status were not generally available in the units of 
analysis that we desired; two examples are especially relevant:
(1) Data for the London area were only available in aggregated 
form despite the fact that this area falls into four hospital 
regions; lacking a better means of approximation, a quarter 
of the aggregated values was attributed to the respective 
hospital regions.
(2) Information about teaching hospitals was not as accurate as 
one would desire. It is presented in many different forms: 
for instance, covering London and Provincial Teaching Hospitals;
or Regional Hospital Boards and their associated Teaching Hospitals; 
or sometimes merely "Teaching Hospitals". When a method of 
apportioning values to respective hospital regions was considered 
justifiable, this was done; however, in the case of the London 
Teaching Hospitals this approach is not entirely satisfactory 
although it is probably sufficiently accurate for the "ranking" 
of the hospital regions.
In addition, the data used to reflect hospital care and 
utilization were episode, visit or "body counts (as m  
the Hospital Activity Analysis and Hospital In-Patient 
Enquiry in use in the D.K.) rather than being linked to 
actual patients. The health status of an individual is 
a dynamic phenomenon which varies on a continuum and 
cannot easily be evaluated by cross-sectional data.
Further, most of the data presented are comparisons 
between population groups rather than the characteristics 
of particular individuals. Of course, the research would 
have been much more sound if we could have obtained this 
patient-linked data. However, we were limited by the 
data available and, unfortunately, these data were more 
representative of the purposes of hospital management 
committees than of health care evaluation. There are 
also limitations due to the type of analysis used, which has not 
yet been fully explored in community health research. Multi­
variate techniques, although very appropriate when dealing with 
multifactorial phenomena, are often feared and with justifica­
tion, because of the complexity of the procedures involved.
No attempt was made to explain differences between the hospital 
regions. Whether they are due to the existence of implicit 
social criteria that produced a differential resource alloca­
tion long ago, and are still maintained in the present 
circumstances, remains to be seen. More and better data, 
especially about not only the quantity but also the quality 
of resources, must be analyzed before an interpretation can 
be provided.
-1 3 -
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Final ly, it is most important to realise that health is not fully 
describable in terms of morbidity* mortality* and disability* other 
factors — though not easily quantifiable - such as quality of life, 
need to be recognized as components of health, and it is probably 
in these new dimensions that the way forward lies. To be useful* 
our indicators must be simple, preferably based on the statistics 
which are routinely published, and easily calculated by its users.
However, if it does no more than identify a number of outcomes which 
are specifically sensitive to medical care and eliminate those more 
sensitive to socio-economic and environmental influences, this type 
of information can assist and perhaps improve the existing methods 
of allocating medical and allied resources, and aid in future 
planning.
We are extremely grateful for the constructive and constant criticisms 
made by Professor E. Maurice Backett, whose thinking originated this
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Figure 1
The observed Relationship of Theoretical 
and Observable Characteristics of the 
Individual, the Environment, and the 
Medical Care Process.
T ab le  l ! C o m p a r is o n  B e tw e e n  K e ^ i o n 's  S c o r e s
Area
1. Oxford
2. East Anglian
3. North West Met,
4. North East Met.
5. South West Met
6. Wessex
7. South East Met
8. South Western
9. Birmingham
10. Sheffield
11. Leeds
12. Newcastle
13. Welsh
14. Liverpool
15. Manchester
Raw score r-f 
Health Outcom.*« (H)
5.3
4.0
3.2
2.5
2.2
1.6 
1.5 
0.5 
0.4- 1.2
-3.3
-3.4
-3.5
-4.1
-5.8
Raw score of 
Characteristics 
of the Population 
and Medical Care i 
System (S) |
1.8
-0.9 J
5.4 }
2.6 i
6.2 j
/1.5 i
2.9
2.2 
-2.3 - 2.8
-4.8
-3.0
-4.1- 1.8
-3.1
T ab le 2 C o m p a r is o n  B etw een  R e g i o n ’ s R a n k s
Area Bank of Rank of CharacteristicsHealth Outcome (H) of the population and
Medical Care System (S).
1 . Oxford 1 6
2. East Anglian 2 8
3. North West Met. 3 2
4. North East Met. 4 4
5. South West Met. 5 1
6. Wessex 6 7
7. South East Met. 7 3
8. South Western 8 5
9. Birmingham 9 10
10. Sheffield 10 11
11. Leeds 11 1512. Newcastle 12 12
13. Welsh 13 1414. Liverpool 14 915. Manchester 15 13
Ranking of 15 Regions in terms of Observed and Expected Health Outcomes»
Figure 2:
7
6 East Anglian
5 Oxford
Health Outcomes 4 Leeds
Better than 3
Expected 2
1 Sheffield,Wessex,Welsh,Birmingham.
----0 .— — —  Newcastle, North East Met.
-1 North West Met.
-2 Manchester
Health Outcomes -3 South Western
Worse than -4 South East Met. South West Met.
Expected -5 Liverpool
-6
-7
APPENDIX A.
The following were included as Socio-economic and Medical Care Variables (SI).
(At this stage there was no attempt to classify them according to these 
headings):
- Population, total number
- Lower quartile age, total population
- Median age, total population
- Upper quartile age, total population
- X of students remaining in school after school leaving age 
“ Households per car
- Average rateable value of households in pounds
“ Average daily number of available beds per 1000 population 
” Discharges and deaths per 1000 population
- Medical - allocated beds per 1000 population 
-Surgical - allocated beds per 1000 population
Obstetrical and General Practice Maternity - allocated beds per 1000 
female population 15-44
Obstetrical and General Practice Maternity - live and stillbirths in 
hospital as Z of total births 
Total outpatient attendances per 1000 population 
Teaching hospital discharges and deaths as a Z of total discharges 
and deaths
Hospital manpower whole time equivalents per 100,000 population 
Health and Social Services expenditures per capita
■ Current revenue expenditures of hospital regions per capita 
Local authority expenditures on health per capita
1 Executive Councils — expenditures in General Practice 
General Practitioners median age 
General Practitioners average list size 
Z of general practitioners in group practices
■ Mean post-natal stay after delivery
Median length of stay in hospital for all diagnoses
■ Median.waiting time before hospital admission for all diagnoses
- Infant mortality rate per 1000 live births
- Neonatal mortality rate per 1000 live births
- Stillbirth rate per 1000 total births
- Perinatal mortality rate per 1000 total births
- Infant environmental death rate per 1000 total births*
- Infant death rate per 1000 live births for enteritis, diarrhoea
- Infant death rate per 1000 live births for pneumonia
- Infant death rate per 1000 live births for congenital anomalies
- Infant death rate per 1000 live births for accidental mechanical sufr
- Inception rate (certified incapacity for work) per 1000 males at risk
- Days certified incapacity per 1000 males at risk
- Crude death rate per 1000 home population 
. ~ Death rate per 1000 males - all ages
- Death rate per 1000 males 65-74
- Death rate per 1000 females - all ages
- Death rate per 1000 females 65-74
- Death rate for acute myocardial infarction, males 55-64 
-Death rate for cerebrovascular disease, males 65-74
- Death rate for pneumonia, females 75 and over
- Discharge rate per 10,000 pop. for all diagnoses
- Case fatality rate per 100 discharges for acute myocardial inf arctic.-.
- Case fatality rate per 100 discharges for cerebrovascular disease
- Case fatality rate per 100 discharges for pneumonia
- Immediate admission rate per 10,000 population for acute myocardial
infarction
2 . T h e  f o l l o w i n g  v a r i a b l e s  w e re  i n c l u d e d  a s  O u tco m e I n d i c a t o r s  ( H I)
* "Infant environmental death rate per 1000 total births" was defined 
infant deaths due to unexplained prematurity, malformations,antepai 
haemorrhage and miscellaneous causes for 1000 total births*
APPENDIX Q
THE PARTIAL DIFFERENTIAL OF TWO VARIATES
1 . N o ta tio n
There are two v a r ia t e s  x  and y* V  and y  j o i n t l y  fo llo w  a b iv a r ia t e  normal d is t r ib u t io n  w ith  c o r r e ld io n  param eter r .  x  and y are stan d a rd ized  d e v ia te s , so th e r e fo r e  any two v a lu e s  o f  x  and y have a  jo in t  p r o b a b il it y  d e n s ity  f ( x ,y )
f ( x ,y )  = K exp ( x 2 -2 r x y  ♦  y2£ ] (1)
where K i s  a  c o n s ta n t; In s te a d  o f  working w ith f ( x ,y )  I  w i l l  work w ith  g ( x ,y )  = lo g  ( f ( x , y ) )
e(x»y) = k  -  K x 2 -2 r x y  ♦  y 2) (2)
2LX Problem
I f  g ( x , y )  i s  a co n sta n t,w h a t i s  v a lu e  o f  th e p a r t ia ld e r iv a t iv e  d y  ?dx
S o lu tio n
From ( 2 ) ,  we can w r it e , i f  f < x , y ) _ l s  con stan t
G il'
»
x 2 -2 r x y  + y 2 = C (3)
where C i s  a  new co n stan t* F in d in g  th e d e r iv a t iv e  o f  (3) wrt x  le a d s  to
2 x  -2 r y  -2 r x  dy + 2y dy = 0 dx dx
which s im p l i f ie s  to
dy = ( x -r y )  / ( r x -y )  (^)dx
4» D is c u s s io n
E q u ation  (JO can he In te r p r e te d  to  read th a t  th e p a r t i a l  d e r iv a t iv e  o f  y  by x ,  g iv e n  th e  j o in t  p r o b a b il it y  d e n s ity  o f  th e se  v a lu e r  i s  g iv e n  by th e  RHS o f  (4)»  F or c a s e s  o th e r  than th e  b iv a r ia t e  normal d is t r ib u t io n , th e  g e n e r a liz a t io n  o f  th e s o lu t io n  i s  s im p le . S im p le , th a t  i s ,  i f  we are in  the p o ssesio n  o f  a  r e g u la r  Jo in t  d is tr ib u tio n .*
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